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After  studying  this  chapter,  student  will  be  able  to: 

Identify  development  in  the  atomic  concept. 

Understand  the  modern  atomic  theory. 

Write  down  the  electron  configuration. 

Identify  Lewis  order  of  elements. 

Understanding  properties  of  periodic  table. 
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Atomic  Structure  for  Matter  SjUH  c-uSj^l 


1-1  Introduction 


4.4^1^11 


In  the  previous  Study  of  chemistry.  We  have  learned  that  all  substances  in  the 
universe  consist  of  tiny  particles  which  from  the  basic  unit  of  this  substances. 
This  particles  are  called  atoms.  In  Latin  (atom)  means  indivisible.  Interpretation 
of  atomic  Structure  in  the  past  two  centuries  went  through  several  theories.  In 
this  chapter,  we  will  study  how  theories  of  atomic  structure  have  evolved. 


ul<U*iA  QA  SjjXJ^jl  Jlj^jl  ^JJA  j)  ("ioW'i  fLjJ&jl  ^j*j  M'tjl  <  ll II  <Luilj^ll  (jk 

jjfr  Ajjjj^UI  4л13|  (jk  ^jjxj  ^jjil j  .  LjIjUI  Слла/  "  jIjaII  б  JA  f  Uj]  AjjjLuiVI  uj|.lxjj|  JSjjj  SjJL^ 
llfc  (jjjjiui j  ,  ujLjlaj  o jxj  jjxuaLall  jjjjU)  JbL  j jill  f Ljjll  jjjjSj  jj  jljj  ,  ^LuJj^U  AIj'.  jl 

.  (j j jj|  f  Ujj|  Aijxjj  4jj jjJl  CjLjIajjl  jil  ^j|  J jufl jj|  AjLS  Juflill 


1-2  Evolution  of  the  concept  of  the  atomic  structure: 


j jLl  f Ljjt  ^jfrij  jjjaj 


Scientists  proposed  various  models  to  account  for  the  structure  of  the  atom. 
Each  model  was  the  best  representative  at  that  time,  then  after  many 
observations  and  experiments.  This  model  has  evolved  to  become  more 
scientifically  acceptable.  Now  we  will  chronologically  review  models. 

j  i-n  fa-vM  ..tl  AajjS  ^j  .  AjS j  ^  Jjua^Sn  jlS  £  j ijjj  J& j  Sjjjl  (—uSjjj  ALjLj  ^jLU  f  LaIx]|  £  1 

^jLftjj)  ^l  tijajiui. j  Ajjjxll  Ajxlijl  ^  Vj j2  jjSSU  Vj^j  jjjajj  £  jjjUll  jxi  tujlajjl 

■  I  g  L  nL  „1 


1-2-1  Dalton's  Model: 


Dalton  ’s  Mode I 


* 


•Solid  Sphere 
Model  or 
Bowling  Ball 
Model 


•  Proposed  by 
John  Dalton 


Figura  1-1 

Dalton's  Atomic  Model 


jjjjb  gr  jjU 

At  the  beginning  of  the  19th  century.  Dalton  perceived 
the  atom  as  a  hard  indivisible  sphere  each  element  has  a 
specific  kind  of  atoms.  These  atoms  are  connected 
through  simple  methods  to  form  combined  atoms. 

<V'uij  Sjs  ajja  ^jfr  SjLi  jjjju  ^lui  jjuaj  jLfr  ^uuUji  jjjji  ajIjj 
.  Aj  A  ix'Atl  CLljjjl  jA  jj XA  9!  Ji^ifr  JSj  .  ^Lullj^U  Ajjla  Jjfr  A  Hurt 
.  AjSjH  <Lljjj|  jjjSjj  Ajajuu  (jjjaj  jajjjj  CjIjL)  й JA  jl j 
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1-2-2  Thomson's  Model: 


?Г  jjJJ 


Spherical  cloud 
of  positive  charge 


Electron 


Figure  1-2 

Thomson's  Atomic  Model 


By  the  end  of  the  19th  century.  Thomson  gave  another 
perception  of  the  atom.  (Since  the  discovered  that 
atoms  consist  of  smaller  particles  having  negative  charge 
called  electrons).  In  his  opinion  the  atom  is  positively 
charged  sphere  on  which  negatively  charged  electrons 
are  attached  to  balance  the  charge  therefore  the  atom 
has  neutral  charge. 


Sj4ii  J3::!  j ^jjjubjjj  aiixii  ^ »  ii 
Cjl  Wu  м  J^aj  j?ua\  CiLajajj^i  <jj  jjSjj  Sj  jji  AiLuuSI  Jxj  ) 
4  WjjII  4j ajj  jS  ЦиЬ  .  (  CiljjjjSiVI  lg jlc-  Jjllai  AjILui 
.  SjSlI  4jaj^II  4  *ill  Jjbu  ^^jJl  4j^ajI|  4jILu  jjb jjjSIVI  I^jIc 

.  4buUl  AiJlxjj  ЦЛ2  |ji 


1-2-3  Rutherford  Model: 


jxAAj  £jjfj 


After  the  discovery  of  the  proton,  Rutherford  introduced  his  perception  that:- 

1.  Protons  are  situated  in  a  tiny  area  at  the  center  of  the  atom  called  nucleus. 

2.  The  nucleus  which  contains  most  of  the  mass  of  the  atom. 

3.  The  electrons  circle  around  the  nucleus  therefore;  most  of  the  volume  of  the 
atom  is  a  void. 

4.  The  number  of  negative  electrons  rotates  around  the  nucleus  balance  the 
positive  charge  of  the  protons. 

5.  These  electrons  rotate  around  the  nucleus  in  various  orbits  with  varying  distance 
from  the  nucleus  as  is  the  case  of  plant  rotating  around  the  sun. 

6.  Therefore  this  model  is  called  the  planetary  astral  model. 


Fif  ur@  1-3 

Rutherford's  Atomic  Model 
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■ Oj^aj  JjjSjjj  ,  jjJjjJl  t-iluu^j  Aj 

.  Sljiil  I^Jfr  jjJJai  Sjji)  iawj  J  Jjx^a  J  S  jSj-»!»  CjUjjjjJ)  .1 

*  .  Sjill  Л1£  ^  Jfr  ^jbb  Sl jlJt  .2 
.  £.lj3  jA  Sjiil  ,хал.  tjilfrl  jli  llj  l$Jja.  jjj  CjUjjj£JVI  ji  .3 
.  CjUjjjjjU  Aaa. jaII  4  W<  alt  Jjbu  Sl jjJl  Jja.  jjJj  AjJLlU)  ljU jjj£J V I  JJfr  ji  .4 

(jjAuiJl  Jja.  <_i£l j£J)  jjJj  La£  SIjJJI  jc-  JxjJI  4iUaj  LLljlAe  /  sJj  Sjjj£  Яс ju»j  jjj  LjU jjj£JVI  аЛЛ  .5 

.  <jJ*aaJ)  ^jiJl  JT  jj-UJU  jr  jjjUJl  I Xb  ^^juj  lU  .6 

Q  /  Why  Rutherford's  theory  failed? 

A/  \S^ 

N0.1  Assumption: 

Assumingthat  negative  electrons  are  static  ,will  be  drawn  to  (magnetized)  to  the 
nucleus  with  the  positive  charge  ,therefore  these  electrons  must  be  in  constant 
motion. 

N0.2  Assumption  : 

Give  that  moving  electric  charge  which  is  under  gravitation  force  releases 
energy,  so  there  must  be  loss  in  the  energy  the  moving  electron  which  would 
eventually  slow  down  electron  would  move  around  in  a  circular  motion  and 
finally  falls  into  the  nucleus. 

In  both  Assumption,  the  atom  must  collapse  and  considering  that  the  atoms 
don't  usually  collapse,  so  there  must  be  something  wrong  in  Rutherford's  atomic 
model. 

V  Jjjfljilj  AjjJsJ  ‘***L  I jLaJ  /  (jjj 

I  c 

:  1  Aj  qJaljjflVI 

CjIj  Sl jllt  (jl\  ^hlxAAj  CjU jjj£JVI  ^Iluj  ?  AjSLuj  AjJLuJI  CjU jjjSJV)  j!  UUaj£  tJt 

bAjjIj  ASj^,  jk  CjU jjj£JV)  oife  jj£j  jt  CHcJ  .Aj^ j^lt  4ia*uut 

■  2  ^j  uJatjJaVt 

Jj£j  £j\  ujaj  4  A^LbJt  JjILj  AjjJIaJ)  S jB  Cj^j  ^Sj  ^jJ)  A£jVuti  AjiUj^iJt  Aj^uJ)  jJajj^t 

А» Wj  Lm  Aj£j^  LbLuji  CIj^jjJI  jjjj£JS?t  A£tla  ^  jtJli  dJjJ  Aajjj  ^jjj  jJt  4  A^Ualt  jto^  clUifc 

,St jJJt  Jal<uijj  St jll\  lj^  Aj jLLa  ^Jp  jJl£  jj^  ^JUlUj  UU ijJ  lJJj 

^t  C-I^J  6111  4  SjI^  jlgjj  V  Cjtjilt  £t  ^  jUj^VUj  Sjilt  jlgjj  £t  CJ^J  4  <>UatjjflVt  (У*  J*  • 

.  j jilt  JjjSjJj  ^ 
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Q/  what  is  Bohr's  concept  of  atomic  construction? 


1 
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JJJ  ?TJjjU 


A  /  The  Danish  scientist  Bohr  proposed  in  (1913)  that  electron  rotate  around  the 
nucleus  in  a  fixed  and  energy  levels ,  each  energy  level  has  a  distinctive  number 
describing  its  energy ,  this  number  is  called  principle  quantum  number. 

❖  An  electron  in  the  first  energy  level  has  a  principle  quantum  number  of  1. 

❖  While  the  electron  in  the  second  energy  level  has  a  principle  quantum  number  of  2. 

❖  The  farther  from  the  nucleus  the  more  the  level  of  energy,  for  example  first 
energy  level  is  less  than  the  second  and  so  forth. 

♦>  An  electron  may  travel  within  energy  levels  through  gaining  or  losing  energy. 


?cSjjJl  jjj  fjfL»  jA  U  /  qj 

Jj^  jjJj  UUjjjSiVt  0'  (1913)  trSjUUj  jAj  jjj  ^UlxSl  ^jjfll 
^flj  4iUa  jjluw  JSJ j  }  >JJxa  jUafli  ciUaji j  A^Ua  ljI j  CjUjIum  ^  Sl jjJl 
,  (j*.- jJl  JJxj  jJl  I J A  ^auuj  t  AuiUa  <_iua j  j  sJjaj 

^jluu»  AJ  (_juuj jJI  ^SJI  JJfr  jjSj  JjVl  AiUaJl  jjjuu»  ^  jjjjSJVli  ♦> 

.  AxljJ 

j  jlui  Aj  ^uojjJI  ^SJl  JJ£>  jjSj  /  jdUJl  AiUaJl  jjiuui  ^  jjjj^JVI  Ue'  ♦> 

■ 

AiUaJl  jjjuu»  jj£j  SljJJl  jfr  JxjJI  SjUjj  j  jIuloJI  AiUa  JlJjJij  ♦> 
.  IJSA j  ^UJI  AiUaJl  ^jjuu»  4£Jjj»j  ^l  dJj  jj»  Jfll  AlUa  |j  JjVl  ц-ш jJl 
IjUaJJ  Aitj£i  jl  AjLuuSI  jj&  AiUaJl  Cibjjuu»  jjj  JSjjj  ji  jjjjSJ^U  jLaj  «$» 


flrtlnm 


Figure  1-4 

Bohr's  Atomic  Model 


Exercise  1-1: 

Which  one  of  followings  has  high  energy  level? 

?  ^J&I  Ajuluj  AdUa  jjuu»  AJ  ^JUJl  jj»  Jxl j  (ji 

A.  First  energy  level . 

B.  Second  energy  level . 

C.  Third  energy  level . 

D.  Forth  energy  level . 

Answer  /  D 
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Q  /  Explain  the  reason  Bohr's  failed? 

Bohr's  model  was  based  on  hydrogen  atom  which  is  the  simplest  atomic 
structure  because  contains  one  proton  and  one  electron.  Yet  this  model  failed  to 
explain  for  some  natural  phenomena  of  other  elements  containing  more 
electrons. 


/  LH 

Ц-iY  c$jj  ^UaS  Jxuuj!  £jajjJj$j|  Sjj  <-ijSjj  jjj  ^JjaS  jui 
>jil  jjaYI  jj-flLjxU  AjxjjLJI  jAljIaSl  jjaaj  jj<  nS*i  J  Juid  ^jjoiil  |jfc  j£j  .  bla  jxt j  jjjjjjj 

.  CjUjjjSjYI  <>>  jJ^i  JJfr  Js>  JJau 


•  Many  scientists  worked  hard  to  lay  down  scientific  foundations  of  the  modern 
atomic  theory.  Whereby  developed  the  quantum  theorv  which  stipulates  :  That 
the  electron  might  exist  in  a  particular  space  surrounding  the  nucleus  and  not  in 
specific  dimensions  as  stated  by  Bohr  this  space  is  called  Orbital,  this  atomic 
orbital  has  different  shapes  and  sizes  . 

Laflj&j  Ajjjaj  fLaJxl!  jjb  un  AjjjaJ  Ajjjjl  Ajjlajjj  ^Aixil  (jjLjYI  ^Uaj  J  f LajaJl  qa  jjj£j|  Jauj  • 

.  ‘ЧА 

Qjjjj  Sljjjb  Jaja-ojl  fLJaijl  J  Jjaj»  jp.  J  >jjJSjYI  Jjaj  jLaJx)  Js.  (jjajj  ^lj  ;  AjjjU 
j  j»Lajai  LjYIjjjjjYI  aj^jj  JLujjjVl  ^uil  *bjfr  jjilai  f  jjj  ^jjaji  LaS  jUjYI  SjJa-a  Cjljlia  J 

ЯдЛа-л  Jl£ii 

Orbital :  the  electronic  cloud  surroundingthe  nucleus  .  As  in  Figure  1-5 

Or  it's  a  particular  space  surrounding  the  nucleus  that  the  electron  might  exist 

•  •  ■ 

in  it. 

jxjj  j_jjj|  Sl jjjb  iajaj  Ajjxj  <LxLuua  Ци|  jt  f  Sl jjib  jJaja-ail  Ajjjjj&iYl  4jla-uJl  jfc  ;  JLLjjjYI 

4j2  Jj^jj  >jjjSiVl  Jl\  Sljjjb  iajaj  JJlxj  jja.  Ц-ii  ji  f  >jjj£jYI  Ца 


Figure  1-5 

One  of  orbital  shape  (orbital  cloud  ) 
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Q  /  What  are  the  hypotheses  of  modern  atomic  theory? 

1.  The  atoms  consist  of  a  nucleus  surrounded  by  electrons  with  varying  levels  of 
energy. 

2.  Electrons  rotate  around  the  nucleus  on  a  distance  (  according  to  the  size  of 
the  atom  )  in  energy  levels,  these  levels  are  represented  by  numbers  called 
principle  quantum  numbers,  Positive  integers  with  symbol  (n)  in  addition  to 
this  and  as  we  have  learned  earlier ,  the  nucleus  at  the  center  of  the  atom  and 
consist  of  the  protons  and  neutrons  . 

?  4jj4aJ)  Ajj ill  AjjlaUl  LjL^jajd  La  /  qu 

.AiUall  qa  A  йШ  a  ljLjIu u  Cj| jj  CjU IjjjSII  Ц-i  Jajj^  aljj  Sjlll  JjjSjj  .1 
jj*jj  4  AAliall  <LLjj*a4  j  (Sjjll  ^ajaJ  Aj*jj)  Lgjfr  SJjxj  Lililuu  Jb  Sljjll  Jj&  LiUjjjSjV)  jjJj  .2 
uijaJU  ЦЛ  Jjjjj  4j&jj  JlJfcl  j  4  j<  hj  ijj)  ^£j|  JlJfr;  ^jujj  jLl  =  UiLjIulUI  й JA  JjC- 

j>«Uajjj  Sjjj)  jSjj»  ^  Sljjjl  Jajj  ;  AljLuijl  Ai&jjj|  ^  LLU&j  LaSj  liljj  J\  AiLUal  .  (n) 

.LiUjjjjjjlj  LjUjjjjjjl 


1-4  Energy  Level: 


Aflllajl  ljLjIuuj 


We  have  learned  earlier  that  electrons  rotating  continuously  around  the  nucleus 
on  different  orbits  with  different  energy  whereby  they  rotate  in  a  different 
distance  the  more  the  energy  of  the  electron  the  further,  it  rotates  around  the 
nucleus.  The  express  the  different  energy  levels  of  electrons,  scientists  used 
number  called  secondary  quantum  numbers  which  describe  fairly.  All  features  of 
the  orbital  as  well  as  those  the  electrons  in  these  orbital. 


Aijjaue  vLlSlb  ujliAj  4  at-i-v  л  cj|j)ia  J  e| jjj|  Jj&  jaLum  JSJL  jjJj  ^^jj)  CjU jjj&jV)  jj'  U^jxj 
Jl jx  Ajljjj  ^jj^i  LUS  jjSI  Jjjj^jV'  '  б  ‘'J  A^Uaj)  LUl£  LUS j  A  Шл  л  JLul  Js-  jjJj  ЦЛ 
^£j)  J|J&I  LIjc-I  f LU&j)  ^j&JLui  LU ijjjUbU  Aijji^j)  AiUajl  UiLjIum  JjC-  jjj&jjjj  ,  J&j)  Sljjj) 
.  LfJjjau  ^l  LjUjjjSjyi  t>a)jij  JUjjjjV'  t>a)jl  £±лл.  <»U  j£JL  uiuaj  AjjjUj) 


Exercise  1-2: 


What  is  the  electron  cloud  ?  AjLauuU)  ?лаа  jaU 

A  /  Is  the  area  around  the  nucleus  and  the  electron  is  might  to  exist  in  it. 

.  L$ja  £jjj£jSf)  Jja-J  Jjuajj  SljjjL  AbjauUl  AibLII  ^ 
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1-4-1  Primary  energy  level:  AjuUjII  Aalkll  cjLjluu> 

These  levels  are  expressed  by  the  principle  quantum  number  (n)  it  holds  a 

positive  value  equals  1,2,3,4,5,6,7, . Each  indicates  a  particular  energy  level 

the  greatest  n  has  highest  the  energy  (n)  cannot  be  zero  at  all . 

This  concept  is  illustrated  in  table  1-1 : 


k 

L 

M 

N 

0 

P 

Q 

Principle  quantum  number  c^Uj^'  JJC> 

1 

2 

3 

4 

5 

6 

7 

Value  of  n  n  && 

Table  1-1 


The  higher  the  (n)  value  the  further  the  distance  of  the  electron  from  the  nucleus 
and  consequently  having  more  energy  i.e.  the  nearest  of  these  levels  to  the 
nucleus  is  n=l  has  the  lowest  energy  level  while  n=7  has  highest  energy  level . 
The  farthest  from  the  nucleus  and  less  attached  to  the  nucleus  therefore  it  is 
easy  to  be  removed  ( given  away )  see  figure  1-6 . 

jj Luu  Ljj2  jj-;.  j  |n)  j-ajlb  4l  jjjjjj  i  iij  Ijll  ^£l|  JJxj  ujbjluujll  a  U  jC-  jj*j 

(n)  Vj  .  f&J)  &  SJbjj  Jbjj  jj*j»  AilL  jjjuu»  Ц-Ь  ys  Jjjj  1,2,3,4, 5,6,7, . 

tJjjJkj  ЦЛ  ALULaI!  AjjjlujII  ^ill  JlJftlj  Ajuuijll  AlUall  Cjbjluu  JjIjj  jSjuj  ,|Jj|  ji^ll  A_jji 
jjS!  StjlSl  jfr  jjjjilV)  IfJ  J*jj  <^1  AiLuiAl!  (luli  SjjjS  n  A-«jfl  dul£  lUS  JjiaJt  US  ^Ujtj 
jfr  UJjuI  (n=7)  jij  Ц-Й)  (n=l)  SljJl  UbjiubJ!  ьЖ  ujjS)  j!  j\  .  AjflUa  CjJlj  ^Ulbj 

.  Ailjli  J^uu  Iaa  SljLb  Jaljjjl  ЦЛа! j  AiUa  U jjS)  SIjLI 

❖  Principle  quantum  numbers  (n) :  a  Positive  integer  with  symbol  (n)  represents 
the  energy  of  each  level  of  the  main  energy . 

7  =  n 
6  =  n 
5  =  n 
4  =  n 
3  =  n 
2  =  n 

1  =  n  Figure  1-6 

When  value  of  n  increases  the  energy  level  increases 

jjIulUI  AlUa  CjJlj  (n)  Aaj£  uj) j  Lol£ 
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❖  Energy  Levels  : 

*  Atoms  have  7  energy  levels  . 

*  The  levels  are  K  (closest  to  the  nucleus)  L,M,N,0,P,Q  (furthest  from  nucleus) 

*  The  K  level  can  only  hold  2  electrons  . 

*  The  level  L  -  Q  can  hold  8  electrons  ( octet  rule  ). 


1-4-2  Secondary  energy  level: 


Ajjjiiiji  л  (jjbjiuM 


Primary  energy  level  (K,L,M,N, . )  have  secondary  energy  level  (s,p,d  and  f) 

these  levels  differ  in  terms  of  shape  and  number  of  electrons  . 


ufljjaJb  I4J  jjjj  AjjjIj  AiUa  Cjbjlu м  (K,L,M,N, . )  Auuujjil  AiUajl  Cjbj luu  jjlau 

,  I4JJJ&J  ^jj|  uj'U ijjjSjVl  Jjfr j  Jiuiil  Aj^U  tua juaa.  ujbjluuUl  a JA  ufllijjj  (s,p,d  ,f) 


Orbital  (S)  has  a  spherical  shape  .  Figure  1-7 


(J jjS  Jiui  Aj  (  S  )JtijJjjSfl 


equivalent  sides  distributed  in  three  vertical  direction  (Pz,  Py,  Px)  as  illustrated 
in  figure  1-8 


^ljiil  ^  Afijjj  jjiAl  <11 J  jjuaa  j4  jjle  JUjjjjI  JSj  CjVUjjjji  Aia  (p)  (Jjjljjl  (jjiuukjl  Ui 

8  -1  JiuU)  Jjjajj  jA  U£  (Pz,  Py ,  Px)  Ц-j  j^JJ  SajUjj  CjUUj)  (L5Uj 
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►X 


Figure  1-8 

primary  energy  levels  have  secondary  energy  levels  as  following  : 

;  dliJl  jiiA  AjjJlliSl  4jUall  Cjbjluu  <]&  AjujjjII  4jUa]|  CjLjIuu  j jlaj 

1)  Primary  level  K  (n=l)  has  only  one  secondary  level  type  S 

S  <>»  iSJ^  (n=l)  K  c*"^j]'  j jL-a]|  esjia-j 

2)  Primary  level  L  (n=2)  has  two  secondary  levels  P  and  S 

S,P  <>  Objjlii  Objiuu  jte'  (n=2)  L  jj^U'  ^jb-j 

3)  Primary  level  M  (n=3)  has  three  secondary  levels  S ,  P ,  d 

S,P,d  ^.J^'  (>  ^jjj'j  LjLjIuu  AifcU  (n=3)  M  cr^J^'  JjiubUl  ^jia-J 

4)  Primary  level  N  (n=4)  has  four  secondary  levels  S ,  P ,  d  ,  f 

S,P,d,f  £jjj'  с>  ^jjj'j  LjLjIuu  4*jjI  (n=4)  N  cr^j^'  c5ji*jj-U'  j jb-j 


Primary  energy  levels 
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^  <50  <>0 


JL* ^Jlil  <£Jl_lM 


❖  To  determine  the  secondary  level  of  any  of  the  primary  levels  in  symbols 
(n)  value  is  written  from  the  primary  level  the  letter  assigned  to  the 
secondary  level.  For  example  the  symbol  of  secondary  level  is  written  by 
indicating  the  number  of  the  primary  level  before  the  secondary  level,  so 
it  become  (2S) .  And  the  secondary  level  (d)  of  the  primary  level  (4d)  and 
so  forth.  figure  1-9. 


П  <_u£j  Ajjjj  A^jjlaj  AjjjujjII  UAjjjulaJI  jj;  jji uu  j  I  jj>  jjjllll  jjiuLoII  0  w"''j  *t* 
jjjj  <_uSj  J  aJ|  Jjjjui  jjb&.  jjlill  j jjj-ujjli  (j^a*/r\4\l  uijaJl  ^j  ^uujjJI  jjiuiAJ)  ^ 

2S  jj£j$  jjJIaJI  jjIuiaII  Jjfl  (jjjlij jll  jjIulaII  j  ^*jajJ  S  cSjIl^'  jjIuiaII 

.  liSAj  4d  ^jIjII  cr^jll  j a  d  jjIjII  jjjjaaIIj 


1-4-3  Number  of  Orbital  and  Electrons  in  Secondary  Levels: 

AjjjIjSI  dibjluujil  dilj jjj£iyi j  gVUjjjjVt  jjfr 

Secondary  levels  have  many  different  orbitals  indicated  by  \^\  as  follows: 

U£  £jjaj  ЦЛ  jAjJ  jl  j£jjj  ^jj|  J  aV*U  CjVUjJjj^I  jjj  ja^uj  Ajjjlull  CjbjJuujl  jjjjj 

aUjl  .-.;jA 

Secondary  level  S  has  1  orbital  □ 

Secondary  level  P  has  3  orbital  1  |  | 

Secondary  level  d  has  5  orbital 
Secondary  level  f  has  7  orbital 


ш 


ш 


An  orbital  has  as  much  as  two  electrons  only ,  but  an  orbital  can  have  electron 
or  empty . 

jjjj£j*l  jba.Sn  (jlaxj  jk  JIjjjjjVI  <-jj1xj  &  O^'  ^  jjjjjj£jSf  J^ljJl  JUjjjjV)  £j-JJ 

.  0J%  j'  -^'j 

Secondary  level  filled  as  follows  : 


s 

maximum  hold  up  2  electrons 

p 

maximum  hold  up  6  electrons 

d 

maximum  hold  up  10  electrons 

f 

maximum  hold  up  14  electrons 

07704370050  ckk 
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;  JIaj  AjbUi!  CjbjluL«il 

Q3jjSii  2  ^juiIj  s  t$ jj^i  t$jj*JAii 


jjjj^ii  6  5^4  p  jj^i  jjjjjlUi 

jjjj£il  io  ^j^i  ^jjjjj  d  jjiijii  jjiutjii 


jjjjiii  14  ^juuj  f  jjjiiii  jjiutjii 


❖  Electrons  are  supposed  to  repel  each  other  in  an  orbital  because  they  have  the 
same  negative  charge. 

J  *-у-*Л1  jjjij  j^l J  JIjjjjjI  LaAJjaj  ДЛд  uljjjj£jVI  jfllijj  jl  jjajjLail  j a 

.  AJLJI 

Q/  Give  the  reason  : 

There  is  no  electronic  repel  in  same  orbital? 


A/  When  two  electrons  are  coupled  in  one  orbital  1  l  one  would  spin  clockwise  1 
and  the  other  would  spin  anticlockwise  l  i.e...  they  cancel  repulsion  in  this  way 
(Figure  1-10  A  ) . 

Ll  Afttuii!  tJjlic.  jjjJ  abuL  djja-e  Jja.  j»jjj  i_fljui  LA^I  jlfl  JLjjjjI  ^  jjjjjjSij  jrljJjl  Hc- 

.  AcLuiil  Ljjlic  jljjJ  o4c  4u»jj  jjSjfl  jlVl 
.  La4 jSUj  (jilj  1ла  >V!  (JM&&  f  jjj  ufljjj  LfeJ^I  jl  jl 

*  Each  two  spins  around  itself  at  the  same  time  as  it  spins  around  the  nucleus 

Lt*  Sjj^u»  Jja.  j»jjj  jjjjSil  JS 
.  sijiii  Jja.  <ца  jjjj  j jii  cjSjii  Qjij 


Figure  1-10  A 

Turn  the  Same  orbital  and  own  axis  of  electron 

J^ljil  JUjjjjVI  Lfjjja-a  Jja.  jjjjjjSi!  jljjJ 


Figure  1-10  B 

Turn  of  electron  around  of  nucleus 

sijjii  Jj^  jjjjSivi  jijjj 
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1-5  Electron  Configuration: 


^gjjJjSjSft 


Various  elements  have  different  numbers  of  electrons.  These  electrons  are 
Configuration  around  the  nucleus  in  the  atom  .  This  order  is  called  the  electron 
configuration  whereby  the  electrons  are  ordered  in  the  atoms  in  such  a  way  that 
the  total  energy  is  at  the  minimum  .  And  the  following  rules  are  considered  when 
electron  are  order  in  levels. 

^  Sl ijlll  JjAi  cjUjjjSSVI  uSjjjj  «jjU jjjSSSfl  ^ji  AUja^  JlJfrl  A аИа Ul  Jl  jjjaj 

4j2  jUaUj  Jjali  ^jjjSSI  «-jjjjjj  j^Ufr  <j£  Cjjj  i_iuajj  «iljjj  .  ^jjjS&H  vjjjUU  i-ij*jj  Sjjjl 
jj&  AjjUjl  JfrljUl j  jjUUl  ^C'ljjj  <jS^j  Lj  Jl!  ^^jSjl  AlUajl  jj£j  Cjjjkj  Sjjj)  «UUjjjSjVI 

.  «UUjIujUI  Ji£>  CjUjjjSjVl 


1-5-1  Aufbau  principle  : 


jWU 


This  Principle  shows  that  secondary  energy  levels  are  filled  with  electrons 
according  to  their  energy  level  from  the  lowest  to  the  highest ,  they  follow  this 
order .  Figure  1-11 

^l  UajSfl  <j-a  l^jllUa  j*j  « j<  и*к  ujU jjjSjSfU  jUU  AjjjUSl  AiUaSI  diUjlum  jl  ^jft  I jjUl  I <j^Uj 

.^Vi 


Filling  the  Atomic  orbital 


(4jjjljj|  4Jliaj|  CjUjluM  JuUuu) 
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While  writing  the  electron  configuration  for  any  atom  the  atomic  number  must 
be  known ,  whereby  the  number  of  electrons  of  the  electrically  balanced  natural 
atom  must  be  equal  to  its  atomic  number.  Commonly  written  at  left  down  corner 
side  of  the  symbol. 


Sj jli  uU ijjjSJV)  (jl  a jlSl  til Ш  (j j jjxll  Aijjui  uaj  Sjj  jV  (^JjjjSiVI  t— ujjUI  AjUS  Jj£> 

.  jj^jxSl  JJ»J  jluu  Jiuui  ^  <-ij%j  t$j^l  lAJJxi  (jjSj  LuUj^i  4JjIxIaII 


Orbital  1S  is  filled  first  with  electrons  then  2S  then  2P  then  3S  then  ЗР  then  4S 
then  3d  and  so  forth  . 

1S  2S  2P  3S  ЗР  4S  3d  4P  5S  4d  5P  6S  4f 

.  liSAj  3d  £  4S  £  ЗР  2P  2S  UjUjjjS&U  VjI  1S  JUjjjjV!  bLu  dn. 


Q  /  Give  the  reason  of  the  overlap  between  secondary  shells  which  belongs 
to  various  primary  shells  ? 

A  /  The  higher  the  number  of  the  primary  shell .  The  higher  the  energy  the 
electrons  and  less  distance  between  shells ,  therefore  there  is  an  overlap 
between  secondary  shells  which  belong  to  various  primary  shells  . 


^jjijjj  (jJJ  AiLubUl  dili j  4j2  SJjxj^I!  diU jjjSJSf!  AiUa  ujj) j  |nj  ^  <  nj  ‘ijll  udjlxll  ^flj  Jl j  LaiS 

.  A  a£j± л  ^jjujjj  Ailc-V  Jjxj  ^jjl!  4jjIIjII  4£&^И  jjj  jxlJj  Jua^u  jxi j 


Keep  in  mind  the  number  on  the  left  of  the  symbol  of  the  secondary  energy  level 
indicates  the  primary  quantum  number  (n).  While  the  number  on  the  upper  of 
symbol  (S)  represents  the  number  of  electrons  in  this  level  goes  to  all  symbols  . 
Figure  1-12 


Lajjj  (n)  '  *'J  'jll  p£J!  JJfr  4_jjd  Jjaj  j  jjl.  ;l  AiUall  j  jjula  j^j  jLuu  ^ll  <_» ijj£  лМ  ^SjII  j  Uxl!  uaj 
.  jjlubUl  I JA  ^  SJjxjaI!  CjUjjjSIVI  JJfr  ^l  (S)  j-»J^I  С&Ч  JiU» 
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Number  of  electrons  in  secondary  energy  level  (s) 


Principle  quantum  number 


Secondary  level  of  energy 


Figure  1-12 


1-5-2  Hund's  Rule  : 


Jjjfe  sJ&ll 


This  Rule  shows  that  no  two  electrons  are  doubly  occupied  in  the  sub  shell 
(Secondary  level)  unless  its  orbitals  are  singly  filled  . 

|j| j2  AjVIjjjjjI  JLuu  ji  J*j  V)  j jjIj]|  4iUaj|  jjLma  ^  jjjjjjHl  jjj  ^l jJjl  djJajV  AjI  ^^jc  j^jj 

.  Vji 

%  -  I#  m 

This  rule  applies  to  atoms  whose  electron  configuration  end  with  secondary 
energy,  level  p,d,f  two  electron  cannot  occupy  one  orbital  until  after  assigning 
one  electron  to  each  orbital  in  the  secondary  energy  level . 


p,d,f  j  jjljjl  AiUajl  ujL jLubjj  ^yjjjjSjVl  I^jjjjj  h  ^jjjl  ujljjjl  ^  SjctJijl  jj*  ^.la. 

^jluw  CjVLLjjji  jj»  JUL  jjji  JS  IJaIj  UjjjSji  ^Uaj  ji  J*j  VI  J^lj  JLLjjjI  ^  jjjjjjSjl  ^UajV 

.  jjjUjl  4lUaj| 
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(n)2  ^&Lll  Jjjkn  jjjujaI!  ^  (IiVljjJjjSfl  JJfr  (-j'-*-^  :  (1)  Я1ал!1д 

n  =  1  -:  Jj^i  tr^j^l  jjAuukJi  • 

(1) 2  =  1  □ 

■^lj  Jjbuj  JjVl  (jJ-jjjJl  jjIulaJI  CjVUjjjI  JJfr  л 

П  =  2  -:  tr^J^I  • 

(2) 2  =  4  П  ГТ~П 

CjVIIujjI  Jjjl  jA  ^UI!  ^jjjjjjjJl  jjIulJI  OjVUjjjI  JJfr  л 

n  =  3  -:  ^IjJI  tr^jjjj^l  jjjuuJ!  • 

(3) 2  =  9  □  . . 

LjVULjJj)  ^UJJ  jA  СЖШ  ^uUJjit  JjluLA^t  LjVbjJjt  Л 

2 (n)2  AibLS!  Jfcjhn  с^ЙО^!  (ijlujJl  (IjUjjj^I  jjfr  <_jIua  ££aj  ;  (2)  Я1да!1а 

c#a  n  =  1  -:  JjSn  or^j^i  jjiuu»i!  <ijLijjj£j|  jjc-  • 

2(1)2  =  2  DD 

(j*>  n  =  2  -:  J^l  ts^jj^l  (jjAuu^!  OjUjjjSj!  jjfr  • 

2(2)2  =  8  DD  lululnl 

(jb  n  =  3  -:  UaILaII  (junl jll  jjIujaII  uU jjjil!  jjc  • 

2(3)2  =  18  DD  fululul  inlnlnlnlnl 
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Exercise  1-3: 

A-  What  is  the  number  of  orbitals  in  the  first  and  third  primary  energy  levels  ? 
B-  What  is  the  number  of  electrons  of  second  and  third  primary  energy  levels  ? 


A-  Number  of  Orbitals 

B-  Number  of  Electrons 

(n)2  4jbbdl  -  "*■ 

jjSft  n  =  l 

(i)2  =  i  |— | 

2(n)2  ^bkdl  -  iiluu 

JjSn  jjiutAil  n  =  1 

2(1)2  =  2  Qg 

n  =  3 

(З)2  =  9 

s  p  d 

n  =  3 

2(3)2  =  18 

s  p  d 

П  ГГГ  1  1  1  1  J 

ГПП  Inlnln  nlnlnlnln 

13  5 

t  t  t 

26  10 

t  t  t 

9 

18 
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Example  1-1: 

Write  the  electron  configuration  for  the  following  subshells? 


;  Д-uVl  AjjJliUl  CjbjlutAJl  £ул  JSJ  (jj jjjSJV)  <— ujjjJ)  «_uSI 


p3,d5  ,/6  J11  ,d7  ,p5 

Solution: 


P 

d5 

/6 

z11 

d7 

^5 


1 


H 


н 


н 


1 


н 


н 


н 


1 


1 1 1 1 1 


шпш 


п|п|  1 1 1  |~Т 


1 1 1 1 1 


Exercise  1-4: 


Write  the  electron  configuration  for  the  following  subshells?  p2,  d6  ,  p5  ,  d3 
Example  1-2: 

Write  the  electron  configuration  for  the  following  elements? 


;  AjjVI  juaUxJl  (>»  JSJ  ^jjjS&H  cjjjjjJI  «-tiSI 


4 Be ,  з Li , 

Solution  : 


Elements 

Electron  Configuration 

±н 

1S1 

2He 

1  s2 

3Li 

1 S2  2  S1 

4Be 

1S2  2 S2 
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Example  1-3: 

Write  the  electron  configuration  and  order  of  electrons  in  the  outer  most  energy 
level  for  each  of  the  following  elements  : 


jxdUfcll  (У*  juajfr  Jiij  JfcjSfl  AiUaJl  j  CjUjjjSjVl  ^jjjjj  (JUJ  ^jjjSiVI  VJJjUl  <_U£I 

:  AjjV) 

15^ '  13AI  >  12 Mg ,  80 , 10N e ,  5B 

Solution : 


Elements 

Electron  Order 

Outer  most  energy  level 

sB 

1S2  2S2  2  P1 

2S2  2P1 

10Ne 

1 S2  2S2  2 P6 

2 S2  2P6 

sO 

1 S2  2S2  2P* 

2S2  2P4 

12  Mg 

1 S2  2S2  2P6  3S2 

3S2 

13AI 

1S2  2S2  2 P6  3S2  ЗР1 

3S2  ЗР1 

13  P 

1S2  2S2  2P6  3S2  ЗР3 

3S2  ЗР3 

Example  1-4: 

Write  the  electron  configuration  of  Sodium.  Atom  4lMa  then  indicate  the  gradual 
energy  according  to  the  primary  energy  level: 


1±Na 

152 

252  2P6  351 

/ 

'  35 

3  P 

3  d 

0) 

(/) 

Ш 

1  l 

1  1  1 

го 

<u 

u 

c 

25 

2P 

> 

Ш) 

ш 

HlHlH 

ш 

c 

ш 

15 

DD 
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Exercise  1-6: 

Write  the  electron  configuration  for  the  following  atoms  then  indicate  the 
gradual  energy  according  to  the  primary  energy  levels  ?  15^ '  3Li 


jjki  Aillaj)  CjLjIum  AiUaj)  ^jJjj)  Цш 


3Li  fjAAJIj  15P 


15J 


152  252  2P6  352  ЗР^ 


ш 

<Л 

ГО 

Ф 

&_ 

u 

с 

> 

Ш) 

s- 

Ф 

с 


г11 


35 

DD 

25 

Ш 

15 

DE 


152  251 


3  P 


3d 


1  I  1  I  1 


2  P 

njnln 


/Ь  25  2P 


Exercise  1-7 : 

Write  the  electron  configuration  for  the  following  atoms  then  indicate  the 
gradual  energy  according  to  the  primary  energy  levels  :  13Al  ,  80 
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Write  the  electron  configuration  of  chlorine  17Cl  then  indicate  the  order  of 
secondary  energy  levels  from  lowest  to  the  highest : 


J&1  ол  4iUa]| 


Ajjjljil  Ailbil  «JjLjIum  yjj  jjlSil  ajil  jjjSJVI  «— lujjJI  «_uSI 

.  ^Vl  Jl 


Solution 


17 


Cl 


1 S2  2 52  2P6  352  ЗР5 


0J 

i/1 

rc 

cu 

ь. 

u 

c 

> 

bJ 

ш 

c 


ЗР  iitnu  1 1 
35  СШ 
2P  llllllini 
25  QD 

15  QD 


Example  1-6 : 

State  the  number  of  electrons  in  each  primary  energy  level  around  the  nucleus  : 
5P  ,  io Ne ,  i2 Mg 

.  jjuaUxU  Sl jIJl  Jjx  AiUaJl  jjluw  JS  ^  «JjUjjJSJVI  jSj| 


Solution  : 

5P  152  252  2P1 

First  primary  energy  level  n  =1  contains  2  Electrons  . 

.  2  tjb  ^jbu  n  =1  JjVI  t^Uj]l  ^jluiUI 

second  primary  energy  level  n  =  2  contains  3  Electrons. 

.  cjUjjjSii  з  ^jbu  n  =2  tjjUii  (^ulujJi  ^jiuuUi 
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10We  152  252  2P6 

First  primary  energy  level  n  =1  contains  2  Electrons  . 
second  primary  energy  level  n  =  2  contains  8  Electrons  . 

12Mg  1 S2  2 S2  2 P6  3 52 
First  primary  energy  level  n  =1  contains  2  Electrons  . 
second  primary  energy  level  n  =  2  contains  8  Electrons  . 
Third  primary  energy  level  n  =  3  contains  2  electrons. 

Exercise  1-8 : 


What  is  the  number  of  electrons  in  each  primary  energy  level  for  these 
elements  :  2He  ,  7N 

1-6  Lewis  Order  (  Lewis  Svmbol ):  (lwj^  >j) 

Lewis  symbol  depends  of  the  number  of  electrons  on  the  last  shell  ( external 
energy  level )  which  is  called  valence  shell . 

c$lllj  (^jlaJl  Aillail  jjluu»)  jjxV)  (-iblxSl  SjjxjaII  CjUjjjSJVI  JJfr  j^J 

Lewis  Symbol :-  Electrons  of  the  outer  shell  of  the  atom  are  ordered  in  a  symbolic 
way  written  by  dots  . 

.  ЬС  Jjjla  (jf  ^JJ^  SjbS  crXjlbll  i-ibUI)  (Ji  CjUjjj£]VI  <-4jj 

As  Follows :- 

The  Symbol  of  the  chemical  elements  is  written  surrounded  by  dots ,  each 
dot  represents  one  electron  two  close  dots  represent  a  pair  of  electrons. 

These  dots  are  distributed  in  four  directions  in  such  a  way  that  it  has  two 
dots  on  the  right  and  two  on  the  left ,  two  dots  above  and  two  dots  below , 
as  illustrated  (  Figure  1-13  )  the  order  of  some  elements  in  the  periodic  table  . 


o 

o 


o  o 
Symbol 
o  o 

Figure  1-13 


o 

o 
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jjjjjUjLa  jjjJaSi  J£  JIaj j  .1x1 j  jjjj£i:  ll  j  j£  Jjjj  Ja  jj  Jalx-a  ^iLijjSil  j^ajxJl  j^j  lu£i 
Abjajiil  A*jjVl  с^Ц-аЛ  j  J£  ^  lAJJfr  JjjjV  dmj  ЬИШ  й!а  ^jjjj  ^jjj  .  Ujjjj£ii  Ujj 

(jjaxji  oyji  ljjjjj  Jjiajj  (13-1)  j-»J^'  0*4  <^'  cy^aij  Js.  jj»jib 

..  iSJJ^'  Jj^'  j  jjjaUxSl 


Example  1-7 : 

Write  Lewis  symbol  for  the  following  :  ±H  ,  5B  ,  ioNe,  i2 Mg ,  14Si 

Solution  : 


Element 

Element  Order 

Electron  in  outer 
energy  level 

Lewis  Symbol 

iH 

1 S1 

1 

H° 

sB 

1S2  2 S2  2  P1 

3 

o 

o  B  o 

10Ne 

1S2  2 52  2P6 

8 

o  o 

°oNel 

o  o 

i2  Mg 

1S2  2S2  2P6  3S2 

2 

o  Mg  o 

14Si 

1S2  2S2  2 P6  3S2  Зр2 

4 

o 

o  Si  o 

o 

Exercise  1-9 : 

Write  Lewis  symbol  for  the  following  element  :  20Ca  >  i8^r  >  /  16$ 


Solution  : 


Element 

Element  Order 

Electron  in  outer 
energy  level 

Lewis  Symbol 

2qCQ- 

1 S2 

2S2 

2  P6 

3S2 

ЗР6  4S2 

2 

o  Ca  o 

18Аг 

1S2 

2S2 

2  P6 

3S2 

3  P6 

8 

o  o 

lAr°o 

o  o 

13Al 

1S2 

2S2 

2P6 

3S2 

ЗР1 

3 

o 

o  Al  o 

16$ 

1S2 

2S2 

2P6 

3S2 

Зр4 

6 

o  o 

o  s  o 

o  o 
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Example  1-8 : 

An  atom  the  electron  of  which  are  ordered  as  follow  :  1 S2  2 S2  2 P4 

:  cP'VlS  CjUjjjSJVI  1$j2  4-uja  j^£-  Sjj 

1)  What  is  the  total  number  of  electron  in  this  atom  ? 

?  Sjjjl  аЗд  ^  .uUjjjSiVI  JJfr  1-4 


2)  What  is  the  atomic  number  ? 


?  J‘^**ll  (5jjj)  jA  1-4 


3)  How  many  levels  of  secondary  energy  level  filled  with  electrons  ? 

?  diU jjjSJSfU  Sf  jLlUI  AjjjUj)  AlUail  -jUj1ul4  1_4 


4)  What  is  the  number  of  single  electrons  ? 

5)  Write  Lewis  symbol  for  this  atom  ? 


VAajJja  jjfr  CiU jjjSJVI  JJfr  1-4 
SjjJl  ьц1  (JJUjl  JAJ  LJjSi 


Solution  : 


1)  The  number  of  electron  =  8 

2)  The  atomic  number  =  8  because  it  equal  to  the  number  of  electrons. 

uU ijjjSJVI  JJfr  ij jUjj  4JV  8  —  j'^**^  ;  j jJl  JJaJl 

3)  The  secondary  level  1S  and  2S  are  occupied  by  electrons  as  for  2P  it  is  not 
filled ,  so  the  number  of  secondary  levels  filled  with  electrons  in  only  two. 

Sf  jLsjj  jj&  2P  -  j  -  --Ul  1.4 1  CjU jjjSJVU  f  jLm  2S  j  jjII‘11  j  jluuil j  15  jjiuil  jjjjjlUI 
25  '  ^  =  ijjisivu  Sf  jLlUi  AjjiUii  ujUjIulUi  jjfr  tiiiji  ujU jjisivu 

DD  Q3 

4)  It  is  noted  that  the  number  of  unpaired  electrons  are  two  only. 


2  P 

П|  1  I  1 


5)  Lewis  symbol : 


2  =  AajJjj»2I  jjc.  2P  (J>  UjUjjlSiVl  JJc 

o  o 

0  Symbol  0 

o  o 
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Exercise  1-10 : 

If  atomic  number  of  an  element  is  6  : 

1)  Write  its  electrons  configuration 

2)  How  many  levels  of  secondary  energy  level  filled  with  electrons  ? 

3)  What  is  then  number  of  single  electrons  ? 

4)  Write  Lewis  symbol  for  this  atom  ? 


:  6 

.  4J  ^jjjS&I  <-ш>Ц  (i 

.  ull ijjjSiVb  af  jla^UI  AjjjUUI  4iUa]|  Ujbjluu  La  (2 

.  Aj3  AajJJUI  jjfr  UjUjjjSiVl  JJfr  U  (3 
.  Sjill  6Ц1  <-“*i  (4 


Solution  : 


1-  152  252  2P* 


2-  The  secondary  level  1S  and  2S  are  occupied  by  electrons  .  So  the  number  of 
secondary  levels  filled  with  electron  =  2  . 


2P  it  is  not  filled 


15  25 

QD  DD 


2  p 


3-  It  is  noted  that  the  number  of  unpaired  electrons  =  2 


1  I  1 


4-  Lewis  Symbol : 


°  Symbol  O 
O 
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Periodic  Table 


The  periodic  table  is  considered  the  most  important  tool  for  those 
who  study  chemistry,  it  is  useful  in  predicting  and  understanding 
properties  of  elements . 


•  Once  you  know  the  physical  and  chemical  properties  of  an  element 
,  you  can  predict  to  a  large  extent  the  properties  of  other  elements 
in  the  same  group  or  period  .  (  Figure  1-14 ) 


oJJxlaJl  oASljfl  j  j л j  ftl  jajMl  ijU  al.  ^Д|  ,c jjJl  JjAaJl  jjjxj  • 

.  j^-aUfcU  (jjaljx  j 

'А‘<  »j  SjjJ  jl  oj^J  j  j-^‘*l  AjjL^jSJI  j  I  j^ljl^Jl  I j| 

.  AjjjJ  ji  AjjaJ  j  {Jli  (J& I  j^alifcSl  jjalji  ^jajjaj  jjjS  Ja  ^l  ^SjjJI 

(1-14  ) 


18 


П  A 

Ш  A  IVA  VA  VIA  VIIA 

3  4  5  6  7  8  9  10  11  12 

ШВ  IVB  VB  VIB  VIIB  *-  VHIB  -4  IB  ПВ 

Periodie  Table 
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1-8  Classification  of  elements  in  the  periodic  table  according  to  electron  configuration: 

:  lsjj^  JjA»jt  j^u*^  < 


•  Electrons  play  an  important  part  in  determine  physical  and 
chemical  properties  of  an  element ,  especially  those  electrons  in 
the  outer  energy  level  ,  known  as  Valence  electrons  ; 
classification  of  elements  in  the  periodic  table  depends  on  these 
valence  electrons  (  Figure  1-15  ) 

4^1  ujMlj  Ajjbjjiil  (jaljaJl  j  AjjA)  jjSV)  jjjjL  CjUjjjSJ^I  ^jSj  • 

Igjj&j  ^^jj)  Aja.jliJl  AiUai)  Cjbjluu  J  >J jx jjJ)  CiUjjjSJV)  Ij^ ij*^aj  ул  д  II 
cjUjjjSii  jjjjii  JjAaJi  j  juaUxii  i.  aju*jj  .  jfliSj])  uiUjjjSiL 

.  f. jflt£jJ) 

•  Elements  can  be  divided  into  four  blocks  according  to  the  types  of 
the  secondary  level  with  which  the  electron  configuration  of  the 
elements  ends  with  (s,p,d,f). 

Aj  ^  jj)  ^jjUii  (jjiubUi  ^jj j  Ujj  uiU^iAj  ^jj)  ^i  juflU*j|  ^jjjij  ji«j  • 

.  (s,p,d,f)  j-u*jj  ^jjjiSn  vjjjjjl 

1-8-1  S  -  Block  Elements  : 

They  are  elements  on  the  far  left  of  the  periodic  table  including  groups  A 
and  I A ,  whose  electron  configuration  ends  with  S  ,  except  for  Helii  ( de) 
it  is  added  to  the  noble  elements  at  the  far  right .  Group  IA  includes  elements 
whose  last  secondary  energy  level  S  ,  have  one  electron  ,  for  Group  IIA  it 
includes  elements  whose  last  secondary  energy  level  have  two  electrons  . 

.  £  j  л-ч  л)|  juflUfr 

^^fjjj  ^jjjlj  II  A  J  I  A  jUjejjl  f^J  lSJJ-^I  c)j-iaJ'  jUjj  ^fll  j  £Aj  juflUxj)  ^J 
J  Ajjjjj)  j^U&j)  ^ua jj  Ljjj  (He)  ^Jjjj^-j)  lj&  s  J jjljj)  AflUajl  j jjuuj  ^jjjjSjSfl  L^jjjjj 
,jjfr  S  £.jj  (У*  j^V I  (^jjljj)  L^jflUa  (j jiuu»  £ jau  ^l  juaUxSI  I A  Sjjjj)  fjifljj  .  OjaJI  и^\ 

s  jjxV)  jjjUj)  LgjflUa  (jjju м  jjjjj  ^jj|  jufl'Uxj)  ^uajfl  TTA  i jjjj)  Lel  .  jj) j  jjjjSjl  .^uafll 

.  jjjjjjiSi  Js. 
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Block  S 

l 

I A 


н 

1 

i 

II A 

Li 

3 

Be 

4 

Na 

11 

Mg 

12 

K 

19 

Ca 

20 

Rb 

Sr 

Cs 

Ba 

56 

Fr 

87 

Ra 

88 

1S 

ls 

2S 

2p 

3S 

Зр 

4S 

3d 

4p 

5S 

4d 

5p 

6S 

5d 

6p 

7S 

6d 

4f 

5f 


Figure  1-15 


Block  d 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ШВ  IVB 

VB 

VIB  VIIB 

<-  VIIIB  -» 

IB 

IIB 

Sc 

21 

Ti 

22 

V 

23 

Cr 

24 

Mn 

25 

Fe 

26 

Co 

27 

Ni 

Cu 

29 

Zn 

30 

Y 

39 

Zr 

40 

Nb 

41 

Mo 

42 

Tc 

43 

Ru 

44 

Rh 

45 

Pd 

46 

Ag 

47 

Cd 

48 

La 

57 

Hf 

72 

Ta 

73 

W 

74 

Re 

75 

Os 

76 

lr 

77 

Pt 

78 

Au 

79 

Hg 

80 

Ac 

89 

Rf 

104 

Db 

105 

sg 

106 

Bh 

107 

Hs 

108 

Mt 

109 

Ds 

110 

Rg 

111 

Cn 

112 

Block  p  lg 

УША 


13 

14 

15 

16 

17 

He 

2 

Ш  A  IVA  VAVIAVIIA 

B 

C 

N 

O 

F 

Ne 

5 

6 

7 

8 

9 

10 

Al 

Si 

P 

s 

Cl 

Ar 

13 

14 

15 

16 

17 

18 

Ga 

Ge 

As 

Se 

Br 

Kr 

31 

32 

зз 

34 

35 

36 

In 

Sn 

Sb 

Te 

1 

Xe 

49 

50 

51 

52 

53 

54 

Tl 

Pb 

Bi 

Po 

At 

Rn 

81 

82 

83 

84 

85 

86 

Block  f 


Ce 

Pr 

Nd 

Pm 

Sm 

Eu 

Gd 

Tb 

ОУ 

Ho 

Er 

Tm 

Yb 

Lu 

58 

59 

60 

61 

62 

63 

64 

65 

67 

68 

69 

70 

71 

Th 

Pa 

u 

Np 

Pu 

Am  Cm 

Bk 

Cf 

Es 

Fm 

Md 

No 

Lr 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

lOO 

lOl 

102 

103 

_ J 
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1-8-2  P  -  Block  Elements  : 

These  elements  are  located  on  the  right  side  of  the  periodic  table  . 

See  figure  (1-15)  whose  electron  configuration  ends  with  P  and  include  six 
groups ,  the  first  five  of  which  are  ( III A ,  IVA ,  VA  ,  VIA ,  VIIA  ) . 

And  the  last  group  on  the  far  right  of  the  periodic  table  (Group  VIIIA  or 
group  zero)  it  called  the  noble  gases  group. 

Qj  define  represented  elements? 

A/  Elements  partly  filled  with  electrons  at  the  secondary  shells  partially  filled 
S  and  P  ,  and  noble  elements  are  called  (  represented  elements  )  other 
names  are  use  for  other  groups  like  alkaline  metals  (IA)  as  for  group  (IIA)  it  is 
called  alkaline  earth  metals ,  (VIIA )  arw  called  halogens  . 

■  p  j^aUc 

(g  jjl^l  jjluuJL  uijj&h I  I^jjjjj  c«J»J  ой  or^l  J«al-j*5!  ^J 

.  (III A ,  IVA ,  VA  ,  VIA ,  VIIA)  ^  iA^>  ,  j-j  ^  t^j  P 
Sja j  tjAu ui  (  iua  ojajW  jl  vIIIA  ej-ej^'  )  jjj-^I  Jj«bJI  Sj^Vl  S j-» j^'j 

.  ALjJJ!  j^UaJj 

ojaj  & ]j£j  ,  p  j  S  AjjjIL'  4JJ&S?!  (j&  LjU jjjSWL  Li j^  A  <\“  «  «  jjjij  ^ill  j^U*J|  ^auj 

.MJjaU!  juflU*J!  иА*Л  (AJjjjJj  juaUxJj) 

CjjJlaJU  (IA)  S  jejil  jufllic  (jAjJa  Jua  j^flUaJj  JAJ  (jjaxj  jjs  4Jjxa  LjLiauu  jlbj  LaS 
(VIIA)  SjAjJ!  juaUcj  ,  AjjJlil  AjjjV!  Liljifl  j-Auu  (ЦД)  SjejJt  j^Ufr  U!  4j j&1\ 

.  ULLa.jJL$JL 

1-8-3  d  -  Block  Elements  : 

These  are  metal  elements  whose  electron  configuration  ends  with  S  and  d  , 
they  are  called  Transition  Elements  or  B  -  block  elements  ,  at  the  center  of 
the  periodic  table . 

:  d  as  jAa-Ui  juaUc 

ьаа  JILjj  (d  f  S)  cyjjjl^'  cttJJ^^L  LgJ  ^jjjSS&I  *-jjjjj2!  ^j^  j*^lifr  ^ 

,  ц  ;jLj  JjJ^Sj  Jflui j  (j=.  j  B  jaa  aM  juflUc  jl  4_JUlIVI  juflUxSL  j^flUsJ) 

Q/  what  is  the  name  given  to  the  elements  of  the  first  group? 
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1-8-4  f  -  Block  Elements  : 

These  elements  are  located  at  the  bottom  of  the  periodic  table  whose 
electron  configuration  ends  with  f ,  and  called  the  inner  transition  elements , 
including  14  groups  belonging  to  sixth  and  seventh  periods  . 


■  f  j.^Uc. 

f  jjjulaJu  ^jjjSJV)  Lfjjjjj  csjjaJI  JjiaJ)  Д»4->1а)1  jAfliixS)  ^ j 

.  ajuLuJi j  amijLuJ)  jjjjj^ii  ^ajjj j  jA^j&  i4  ^jaSjj  ajiui  Auiiijjvi  j^Uxii  Ци1г.’  jibjj 


1-9  Finding  period  and  group  number  of  any  element  in  group  A  : 

;  д  As-jAau^J)  jAfljfr  jl  Lfrjfl  frL  ^jjjl  SjAjilj  SjjjJt  Aijxa  AjSjS 

To  find  number  or  period  and  group  for  group  A ,  the  following  steps  hold  be 
followed  : 

:  AjjVI  CjljkaJU  ^jii  A  AfrjAXjjl  juaUxj  S jAjj)  j  SjjjJl  ^j  Aijfcjj 

1-  Write  the  electron  configuration  of  the  element . 

.  JuVnll  ^JJjSJVI  «-AJJJjjl  <-AJ%  -1 

2-  The  number  of  the  period  is  the  highest  number  of  the  n  ,  with  which  the 
electron  configuration  of  the  element  ends  . 

juajxlj  ^jjjSjVI  ^JJjjj!  Aj  tj^JJJ  j)  n  c**aLjJ!  jjaulaJJ  fSj  ^jfti  Sjjjj)  f£j  Jjaj  -2 

3-  The  number  of  the  group  can  be  found  as  follows  : 

:  i^jVIS  SjAjj)  Aj  jbul  qSaj  -з 

a)  If  the  electron  configuration  ends  with  S ,  thus  the  number  of  electrons  in 
this  level  is  the  number  of  the  group  . 

jjIulUI  |1a  ^  8j. ijxjjjl  uU ijjjSjVl  JJ*i  s  j  jjljj)  jjluLAjU  (ji jjjSjVl  <-ш jjjl  lll  • 

.  S JAjJl  ^J  JjAJ 
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b)lf  the  electron  configuration  ends  with  P,  thus  the  number  of 
electrons  at  this  level  as  well  as  the  secondary  level  (S)  in  the  primary 
level  which  fills  before  it  represents  the  number  of  the  group.  If  the 
total  number  of  electron  is  8  then  it  means  that  this  element  is  in  the 
noble  gases  group.  Except  the  last  energy  level  of  it  end  with  S  and 
contain  two  electrons  only. 

liA  ^  SjjajaJi  cjUjjjS&n  p  jjJUJ'  jjijiUu  ^jjjSjSfi  Lf&l  'j) 1 

jjIulUI  QAjJa  S  jjjUll  jjIulUI  ^  jjJjAjjUl  ^jjjSJVI  ^l  AilUaVU  jjIulUI 

0'  ^UjjjSJI  8  £><»au»Jl  'jj  .  ^  5^4  cS^J'  <>-+jJ' 

fjjjjfrS!  iJfr  ^lujjl  j^U*JI  Sjj» j  ^j  jiua  Sjj»jSI  jl  AlaUjl  Sju» jj|  (jk  juajfcSI 

.  L£s  £jjj£JI  (2 )-J  4j  j^Vl  gj^jjj'  ^OaJ'  jjiuu» 

Example  1-9 : 

What  are  the  period  and  group  for  the  following  elements? 

19K  1  i  17 Cl  1 


Solution: 


80  1  Sz  2  S2 

2  p4  ->  2-Ц4  =  6  N0.  group 


T 


n  =  2 


■»  N0.  period 


First^  lst 
Second  ->  2nd 
Third  3rd 
Fourth  -»  4th 

‘  <_u£jj  jj^VI  ^SalUl  iiU 

Sjjlst  ^J 


Oxygen  80 


Is  in  the  second  period.  In  group  6  of  the  periodic  table 
or  group  (vl)  /  2nd  period. 


17 


Cl  1 S2  2  S2  2  P6  3  S2  3  P 


2  +  5  =  7  N0.  group 


i 


n  =  3 


■>  N0.  period 


Chlorine  17Cl :- 

Is  in  the  third  period.  In  group  7  of  the  periodic  table 
or  group  (vll)  /  3rd  period. 
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GS'-P'— , J^l  C*  iT»  Cjt  1  S 


07706236700  /  JdL 


(DDocBomQsOo^ 


&w*£J  i 

^  <50  <>0 


Jz^ ^Jlil  <£Jl_lM 


10 


iVe  1S2  2S2  2Pe 


2+6  =  8  No.  group 


I 


n  =  2 


->  No.  period 


Neon  10We :- 


To  the  second  period.  In  the  Zero  group 
or  group  (0)  /  2nd  period. 


19 


K  152  2S2  2 P6  3S2  ЗР6  451 


i 


n  =  4 


1+6  =  7  JVo.  group 


No.  period 


Potassium  19*:- 

To  the  fourth  period  .  In  the  first  group 
or  group  (IA)  /  4th  period  . 

Exercise  1-10: 

What  are  the  period  and  group  for  the  following  elements? 

13AI  •  •  4^e 

Solution: 

4яК  152  252 

(  Be  )  to  the  second  period  .  In  the  second  group 
Or  group  (2A)  /  2nd  period. 

6C  1 S2  2 52  2 P2 

(  C )  to  the  second  period  .  In  the  fourth  group  . 

Or  group  (ЗА)  /  3rd  period  . 


13 


Al  1 52  252  2 P6  3 S2  3 Рл 


(  Al )  to  the  third  period  .  In  the  third  group  . 
Or  group  (ЗА)  /  3rd  period  . 
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«ULslii  c<  |T»  й*1 1  У 


(DDocBomQsOo^ 


i 

^  Ф  Ф 


07706236700  /  Jub 

Example  1-10 : 

What  is  the  common  property  between  the  location  of  the  following  element  in 
the  periodic  table  ?  12Mg  ,  xlNa  ,  3Li 

Solution  : 


3Ii 

1 S2 

2S1 

Period  =  2 

group  =  1A 

ltNa 

1 S2 

2  S2 

2  P6 

3  s1 

period  =  3 

group  =  1A 

12^9 

1 S2 

2  S2 

2  P6 

3  s2 

period  =  3 

group  =  2A 

The  common  property  Li  and  Na  is  that  they  both  have  the  same  group  ( 1A ) . 
The  common  property  Na  and  Mg  is  that  they  have  the  same  period  3  period  . 

.  ^  Sj-0  U  Na  ,  Li  Oa  bjjj  ^  jil 

.  Я1Ш1Ш  Sjjiil  ^  S^lj  Sjjj  ^  jUjiuu  Mg  ,  Na  ^jjj  cs^j' 

Example  1-11 : 

What  is  the  common  property  between  the  location  of  the  following  elements 
in  the  periodic  table  ?  4Be  ,  5B  ,  7N 

.  tj  jj-^l  Jj^aJl  j_ji  AjIUII  j*^U*J|  £$| j^s  jjj  d jluLUl  juJl  L» 

Solution  : 


4Be 

1  s2 

2  S2 

Period  =  2 

group  =  2 

5s 

1  s2 

2  S2 

2  P1 

period  =  2 

group  =  3 

7n 

1S2 

2  S2 

2  P3 

period  =  2 

group  =  5 

All  these  elements  are  in  the  same  period  2  period  ,  they  differ  from  each  other 
with  respect  to  groups  .  Each  element  belongs  to  a  different  group  . 

(  Be  )  in  the  second  group ,  (  B  )  in  the  third  group ,  (  N  )  in  the  fifth  group  . 

ju2j&  j£  ji  Cuji  .  S Jjijil  (jk  i  вУ.-чЛ  j  AjjUil  Sjj^jl  (j&j  i «3aI j  SjjJ  (j£  juaUxSl  й JA  djluu 
.  ДиллШ!  Sjjsjil  (^  jJxjjUl  j  Ajj й!|  Sjjsjil  (^  jjjjUl  J  AujUj|  Sjjsjjl  jA  ^jjjjjjjli  Sjjsj  jA 
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^Ul/L^I  cS^~ cj* > ^^1  cu 


07706236700  /  Jub 

Exercise  1-12 


СйкютагОол, 


&W*£ 1 

^  <50  <>0 


What  is  the  common  property  between  the  location  of  the  following  elements  in 
the  periodic  table  ?  15^  /  /  14^ 

Solution  : 


14Si 

1 S2 

2  S2 

2  P6 

3  S2 

3  P2 

Period  =  3 

group  =  4  A 

6  c 

1  s2 

2  S2 

2  P2 

period  =  2 

group  =  4  A 

isP 

1  s2 

2  52 

2  P6 

3  s2 

3  P3 

period  =  3 

group  =  5  A 

Si  and  C  both  have  the  same  group  (  group  4  A) . 
Si  and  P  both  have  the  same  period  (  period  3)  . 

1-10  Periodic  Properties: 


Ajjj-UI 


The  physical  and  chemical  characteristics  of  the  elements  in  the  groups  and 

periods  of  the  periodic  table  vary  according  to  their:- 

Q/  what  are  the  periodic  properties  of  the  elements?  Mention  it. 

cSJJ-Ul  Jj-iaJl  UiljjJj  JAJ  ^  SJjaj^I  juaLklj  AjjbAiSl!  j  4jjUjjij1  <j-a1jaJl  £jJjj 


1-  Atomic  Radius 

2-  lonization  Energy 

3-  Electron  Affinity 

4-  Electro  negativity 

5-  Metallic  and  Nonmetallic  Properties 

1-10-1  Atomic  Radius : 


Sj jl!  jba 
jjUI! 

Д_и jjjSISh  Д-ftiSri 

AjAjjj^! 
AjjiabUi  j  h  jiili  o^ijiJi 


Sjjjl  jba  uuaj 


The  radius  of  the  atom  determines  its  volume  .  Theoretically  ,  atom  radius 
can  be  calculated  by  the  last  occupied  level  .  One  of  the  means  used  to 
measure  the  atomic  radius  involves  calculating  the  distance  between  the 
identical  and  chemically  combined  nucleus  of  two  atoms  and  then  divide  the 
outcome  by  two  as  in  the  following  figures  ( 1  -  18  ) . 

j  ja  (jl  CjUjjjSlVb  Jj )uma  jjjum  jjb  Ujlaj  vw"jj  U  1  д-^1*  jk  Ijjj)  JJjj  j jj|  jji 
aj  ^jjjjUle  UjjjIjI  jjjj  AiluLjj!  (jjUa  (jk  j jjj'  jk  Sl  ‘  L^UiS  S  л  .<<И>  jwtjlaj) 

.  ( 1  —  18  )  J^*-jl  о-ш)  (J&  AaluiAjl  Дии^а  ^j  UjUAjS 
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07706236700  /  JdL 


(DDocBomQsOo^ 


&w*£J  i 

^  <50  <>0 


Jz^ ^Jlil  <£Jl_lM 


Q  /  Define  the  Atomic  Radius  . 

A  /  Half  of  the  minimum  distance  between  two  identical  and  chemically  - 
combined  nuclei  the  element . 

.  LjLiaj£  jjjjAjj»  о^ь»1л  jjjjj  cP'jj  Ст  :  jjlii  jMit  ui 


•  The  Radius  of  the  element  in  one  period  decreases  as  we  move  from 
left  to  right ,  i.e.  as  their  atomic  number  increases  . 

,  k  jiil  JJxi)  SjLJj  fj\  (jjLAjJi  ^jl\  jLuull  (jA  ti£*j)  Lol£  jjaiil  (  JSj  sJxljll  ojj.ill  ^ 

•  The  Radius  of  the  element  in  groups  increases  as  we  move  from  top  to 
bottom ,  i.e.  as  their  atomic  number  increases  . 

.  jjjll  JJxll  eJbjj  j\  Jiui^l  I  (У» '  Ц  >*ij  La1£  jMII  <  ijrti  Jbjj  S j^jll  ^ 


Q/  Show  cause: 

The  Radius  decreases  as  their  atomic  number  increases  in  one  group  ? 

?  S.i*l jll  ojj-ill  ^ jill  JJxll  oJbjj  jMll  uLal  JSj  /  Jb 

A  /  Because  the  attraction  energy  between  the  electrons  with  in  one  main 
level  and  the  positive  charge  of  the  nucleus  increases  with  increasing  in 
the  number  of  electrons  in  it. 

<U*jjJ|  .1*1  jll  ^  i  iij  ijll  jjIulaI)  (jA*a  ujlljjjSlVI  jjJJ  u3l*jll  AiUa  oJbj  ljm  j 

.  jjjll  IAJJ&  oJbjj  oljjll  Aj* jjll 

Q/  Show  cause  : 

The  Radius  increases  as  their  atomic  number  increases  in  one  group  ? 

?  oJ*l jll  ojjjll  (jh  jjjl)  JJxll  oJbjj  jMll  ‘  JlJjj  /  Jlfr 

A  /  Because  the  outer  electrons  keep  distance  from  the  nucleus  . 

,  (oljlll  (jc  ujLjjjjSJVI  jLuj)  J  ol jjjl  AiLuLojl  k*1  <U*jl*j)  JjUjjjSJVI  jV 
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^Ul/L^I  CS^~ CJ* > ^^1  cJLs 


07706236700  /  cJdL 


(DDocBomQsOo^ 


&w*£J  i 

^  <50  <>0 


Jz^ ^_$JLil  <£Jl_lM 


jLuaJl  (j-4  SjjiU  jlaill  <  i</ii  JSj 
.  ** — : - > 


Li 

Be 

4 

B 

С 

е 

N 

7 

o 

8 

F 

9 

Ne 

Na 

Mg 

12 

Al 

Si 

14 

P 

1S 

s 

16 

Cl 

17 

Ar 

18 

K 

19 

Ca 

20 

Ga 

ЗХ 

Ge 

32 

As 

33 

Se 

34 

Br 

35 

Kr 

36 

Rb 

37 

Sr 

Зв 

1 П 

40 

Sn 

Sb 

51 

Te 

1 

53 

Xe 

54 

Cs 

Ba 

Tl 

Pb 

Bi 

Po 

At 

Rn 

Л' 

л 


з> 

•э 

-3 

;ъ 

4 


Example  1-12 : 


Arrange  the  following  elements  according  to  increasing  in  their  atomic  radius 
g F  ,  6C  f  g O  f  3Li 

1Д  jUafll  1  al  SjLJ  i  1ил  4oSUll  j*^aU*Jl  «_uj 


Solution  : 

3Li 

1  s2 

2S1 

Period  =  2 

group  =  1 

sO 

1  s2 

2  S2 

2p4 

period  =  2 

group  =  6 

e  c 

1  s2 

2  S2 

2  P2 

period  =  2 

group  =  4 

9  F 

1S2 

2  S2 

2P5 

period  =  2 

group  =  7 

Notice  that  all  the  elements  above  and  with  the  second  main  level .  They  are  all 
in  second  period  of  the  periodic  table  . 

3Li  >6 C  >8 O  >  9F 

Exercise  1-13  : 

Arrange  the  following  elements  according  to  increasing  in  their  atomic  radius 
20Cd  ,  12Mg  ,  4Be 

Solution  : 


4Be 

1 S2 

2  S2 

Period  =  2 

group  =  2 

цМд 

1 S2 

2  S2 

2  P6  3  S2 

Period  =  3 

group  =  2 

20  Ca 

1 S2 

2  S2 

2  P6  3  S2  3  P6  4 S2 

Period  =  4 

group  =  2 

20  Cd 

>  i2 Mg  >  4 Be 
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&w*£J  i 

^  <50  <>0 


Jz^ ^Jlil  <£Jl_lM 


1-10-2  lonization  Energy  :  igfojl 

lonization  Energy  is  defined  as  : 

The  amount  of  energy  required  to  remove  one  electron  from  the  outer 
energy  level  of  a  gaseous  atom  . 

Ijk  л  лл  -  JjbLLe  Ifr  Sjil  <_^jliJ|  4iUail  /jj luia  qa  ±ь|  j  jjjj£J  P  jlS  4_jjbU|  AiUall  jIjL» 

.  4jjUUl  l^U 

As  in  the  ionization  of  Sodium  atom 
^Na  +  Ionization  energy  -»  Na+  +  e~ 

•  lonization  energies  are  arrange  in  the  group  from  top  to  bottom  .  As  the 
atomic  number  becomes  greater  the  ionization  energy  of  an  element 
decrease . 

.  jiail  AiUa  UUS  jjll I  JJaUl  Jlj  UlSfl  JLuVl  ^l  ^Ч\  J  ja$\  J  jjUII  UlSUa  £jJjj 

•  The  ionization  energies  in  the  period  increase  as  the  atomic  number  of  an 
element  increases . 

.  (j jill  JJjUI  LUS  j-uaLjUi  JlJjj  SjjUI  ^  jjlui  LjliUa 

Q/  Show  cause  : 

In  the  groups  from  top  to  bottom  as  the  atomic  number  becomes  greater 
the  ionization  energy  of  element  decrease  ? 

A  /  The  reason  behind  this  is  that  the  outer  shells  electrons  stay  away  from 
the  nucleus  which  in  turn ,  increase  the  tendency  of  the  atom  to  lose  one 
of  the  electrons . 

,  t  jfl.1  jl  шк  Jg-uuj  L м  Sl. jUl  jfr  Aj^jliJl  AilfrS?!  CjUjjjSII  jLUjI 

Q/  Show  cause  : 

The  ionization  energy  in  the  periods  increase  as  atomic  number  of  an 
element  increase  ? 

A  /  Because  of  the  increase  in  positive  charge  of  the  nucleus  and  the 
occurrence  of  the  electrons  in  the  same  main  level  of  energy  .  The 
attraction  energy  to  attract  the  electron  by  the  positive  charges  of  the 
nucleus  becomes  greater. 

^yubujll  A^Uflll  jjIum  jjUj  CjU jjjSJVI  flljj  SljUl  jAua  4uajU|  Aj^utll  Sjbj  ‘.j- 

.  Sl jjjj  AjajUI  t-'i  Jj^  j a  jjjjSjSn  ^jfr  uj^jl  S tjS  Jbjja  ^^jljjl 
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&w*£J  i 

^  <50  <>0 


Jz^ ^Jlil  <£Jl_lM 


Q/  Show  cause  : 

7iV  Which  has  greater  ionization  energy  than  ionization  energy  of  80  in 
spite  of  the  fact  that  Oxygen  atom  has  a  bigger  atomic  number  than  the 
atomic  number  of  Nitrogen  &  that  they  both  belong  to  the  same  period. 

Sjj  &A  ^ji  jjfr  jjSI  Sjj  jl  (У>  p&jM  Jc-  8o  <y*  yfe  7N  I  № 

.  sj^Ij  Sjjj  j  jUbj  o^jjHii 

A  /  Because  if  an  atom  has  a  secondary  saturated  shell  as  (nS2)  or  half 
saturated  shell  such  as  ( nP 2)  its  ionization  energy  is  greater  than  the 
ionization  energy  of  the  following  atom  . 

jjUil  Д£0а  jjSjfl  ( nP 2)  J-*-4  ji  (nS2)  Jl*  jjjIj  Sj jll  jlS  |j| 

.  UbJxj  ^jjSl  Sjjj)  jjij  AiUa  j«  jjSI  IgJ 


,0 


1 1 1 1 1 


152  252 
152  252 


2P2 

2p4 


11.1  1  I  1 


•  Nobel  gases  have  the  greatest  ionization  energy  so  they  do  not  lose 
electrons  easily . 


'J jg  <  и.1  Ц-jU jjjSJI  jjiJV  jjU  AlUa  4jjjjj|  j^<aU*Jl  *" 


1-10-3  Electron  Affinity : 

Is  defined  as : 


4jj jjj^Vi  Д-ftjSn 


is  aermea  as : 

The  amount  of  energy  released  when  a  neutral  gaseous  atom  acquires  on 
electron  as  in  Fluoride  atom  . 

F  +  e~  ->  Ғ "  +  energy 

jjjjSJl  uLuUSI  J&  Ди  jU.il  ДЛдЛ  J  LjjUj^S  AJjUIUI  SjjJl  4jL11  Ц_  AjjjjjSJS?!  AiJVI  lUjxj 

.  jjiiil  Ojj  j  LaS  AiUaJl  jj»  jlJia  jJjaUj  ^Ij 

•  The  electron  Affinity  of  the  elements  in  the  periods  increases  as  the 
atomic  number  increases . 

However ,  the  elements  in  the  same  group  face  more  difficulty  to  acquire  an 
electron  as  their  atomic  number  increases. 

S±a.l jJl  S jj»jJl  jjaUxSl  j  U  I4J  ^ jjJl  JJjUI  SjLjj  CUtjj^t  j  jjjjUxSI  Ajj jjjS&I  AilSfl  JbjS 

.  jjajxSI  jjiSl  JJxSl  SjUjj  jjjjSSVl  AilUal  Ajjx^  JbjSi 
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&w*£J  i 

^  <50  <>0 


JL* <£Jl_lM 


The  bigger  the  atomic  number  of  an  element  the  more  difficult  it  is  for  the 
elements  to  acquire  an  electron  . 

,  QjjjSJVI  AiLjal  4jjx*^  CjJUjl  jjjJ!  JJxil  Jl  j  L>iS 

Noble  elements  are  known  to  have  the  lowest  electron  affinitv  because  it  is 
verv  hard  to  add  electrons  to  them  . 

,  l$ji|  CjUjjjSJ-  AilUal  Ajjxj^JI  AjV  4jJjjj£J|  AiJi  Ц1  ^jjJl  jj^UxJI  Jfll  AJjjjJl  jj^UxJI  jjjxj 


1-10-4  Electronegativitv : 


In  many  chemical  compounds ,  the  negative  charge  of  the  bounded  electrons 
in  countered  near  a  certain  atom  .  This  greatly  affects  the  chemical 
properties  of  the  compound  . 

jjJ  A  ux  a  Sjj  jj  ljjSJU  S  j£jj»  jjflUJl  ljU jjjSJV  AjJLUI  AJ^jJJI  ( jjSj  ljUSjjJI  £y»  jjjSJI  (jk 

.  <-l^JJ  AjjlijjSjl  (jjaljaJl  ^  jjjS  JSjju  jjjj  U л  U  jjfr 

Electronegativity  is  defined  as  : 

The  tendency  of  an  atom  to  attract  bonded  electrons  towards  itself  in  any 
chemical  compound. 

.  j^aUJl  UiUjjjSJI  ujjfl.  SjjJl  Sjja  I4JU  AfljiuijjfSJI  ufljxj 


•  F  fluoride  of  all  other  elements  has  the  greatest  electronegativity  and 
thus ,  is  given  number  (4)  as  measure  for  its  electronegativity . 

.  4jU*jjj$£JJ  qjUa  (4)  ^jJl  sfUafti  jU  4jjUjj^£  jjaUxJI  (JsA  jjJiJl 

•  Electronegativity  increases  as  the  atomic  number  increases  in  the 
period  with  some  exceptions  . 

,  LjUUjjjjV!  (jJaxj  J ijx., j  SjjjJI  (jk  (j j jJl  JJxJl  Jlj  UJS  AjjJjj ijj^SJI  Jbjj 

•  In  Groups  electronegativity  decrease  as  the  atomic  number  increases  . 

.  j jjJl  jjxJI  SjUjj  AjAuijj^I  JSj  SjjjJl  ^ 
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&w*£J  i 

^  <50  <>0 


Jz^ ^Jlil  <£Jl_lM 


•  As  for  the  Noble  gases  they  are  considered  exceptional  because  some 
of  them  do  not  combine  with  others  to  make  compounds.  Thus,  the 
Noble  gases  which  have  the  tendency  to  make  compounds,  tend  to 
have  a  very  high  electronegativity. 

£jj*j  (jljj  V  <_jJtjiLij  LjbSjj»  <jj%  V  lfr*Ja*J  jV  Sjtui  jjj*j  ALjj]|  CjljliL 

.  AJlii  AjjiuijjfS  1 3  jj£jj  LjLiSjj»  Jjjjjl  jlxSl  jjL  ULfr  jS3  Aj  Ajjiuujj$£Jl 

1-10-5  Metallic  and  Non-Metallic  properties  :  AjjlhUlj  AjjlLI  oaljaJI 

The  Metallic  and  Non-Metallic  properties  change  according  to  the  changes  in 
the  atomic  number  of  the  atoms  in  a  same  group  and  in  a  same  period. 

,S jxl jj|  SjjLI  cjljL  jl  Sixl jj|  S jj»jj|  uljL  jjLl  jjxSI  jjx»j  Luj  AjjjajUlj  Ajjliil  <_^l jxjljjxu 

As  the  atomic  number  of  the  atoms  in  the  same  period  increases,  the  metallic 
decrease  and  the  nonmetallic  properties  increase  on  the  other  hand. 

.  AjjjflbUl  ojjI jxj|  Jbjj J  j^Jajj  Ajjiajl  Jjal jlj|  JSj  SJxl jj|  Sjjjjl  Ul jjj  ^jjJl  JJxSl  j| j  UiS 

Example  :  Lithium  (Li)  and  Beryllium  (Be)  in  the  second  period  show  metallic 
Boron  (B)  and  Silicon  (Si)  come  afterward  with  the  properties  of  metalloid  . 

jjaljxj  jjSLuJlj  jjjjJl  jL  ^j  Ajjjjj)  jjaljxil  ^jjjjjjjlj  ^jjjjjjl  jflaj  AjjlJjl  SjjLl  ^  bll» 

.  ui  jiiii  euii 

The  rest  of  the  elements  in  the  period  such  as  N,  O,  F  come  at  the  end  with 
nonmetallic  properties . 

.  AjjibU!  jjaljaJl  j^Jaj  SjjLI  juaUfr  AjL 

ln  one  group  the  metallic  properties  increase  and  nonmetallic  properties 
decrease  as  the  atomic  number  increases  . 

.  AjjlbUl  jjaljaJl  JSjj  Ajjiiil  jjal jxil  JlJjj  j^UxJj  j jjjl  JJxil  Jl  j  LaiS  SAxljjl  Sjjjjl  ^ 

Group  (IA) ,  (IIA)  are  Metals. 

Group  (via)  ,  (viia)  are  non  -  metals 
Nitrogen  (N)  in  group  (va)  non  -  metals. 

Antimony  (Sb) ,  Arsenic  (As)  metalloid  . 

Bismuth  (Bi)  is  the  last  element  in  group  (va)  metallic 
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•  As  far  as  periods  are  concerned  the  two  elements  in  the  first  period 
(H,  He)  are  non  -  Metals.  The  seventh  period  includes  only  Metals. 

In  the  following  four  periods,  there  is  a  gradual  change  from  metallic  to  non- 
metallic  properties. 


All  the  elements  in  the  sixth  period  are  metals  except  the  lost  two  elements 
which  are  non-metals. 


Taking  into  account  the  fact  that,  transitional  elements  lanthanide  and 
actinides  which  are  internal  transitional  elements  show  metal  properties. 

4 1  ■■  л\  i  Ц  SjjjSl  .Cil  jiflV  AjuLoiilj  4jj4JLuJ|  S  jj»  jll  j^ Uc  jj|  jlfl  4_ullll  j  ^SjVI  Sjj»  jSl  juaUc. 

.  jia  4uju»laJl  Sjj» jil  ^  Juajfr  jii  CjjjjjJl  .  Ci) jlfl  sUul  LjJ-UuVIj  ^jjjjjl  .  jjsV  (  jjajjjjSSl) 

U ^l  A*jjVI  diljjUll  ^  jiav  (^jjLA j  jjajjJjfc)  ^jV)  SjjUSt  ^  ia^bU  Sjjjj)  j*^Ufr 
Цддд»  jluijLUl  SjjUSI  jualjfr  .AjjihUl  jjj) jaJl  ^l  AjjSiSl  j^l jiif<^  ^jJj  JUjjl  JSUA 
juaUxS)  jlj  UiljSa  4*jLuiSI  SjjjSI  juaUc.  .  jSaV  jjJljSlj  UiljSiSI  eUuil  jj  jjjLLuVI  Ijc.  Uiljia 


.Ajjia  j<alji  j^SSj  (AjSIU  AjSUjSI  juaUc^  ,  yfe  ^jSI)  UilJjjjiVI  J  bjjjSbUlj  juaUc>j  AjSUjSVI 
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Chapter  Questions 

1-1  choose  what  is  correct  from  the  following  Lu>  Jll  ?п^Ш1  jaU  jHI 

1-  the  most  stable  electron  is  that  located  in  ^  j'j^'  jjSV)  Ojjj^VI  & 

a)  Fourth  primary  energy  level. 

b)  Third  primary  energy  level. 

c)  Second  primary  energy  level. 

A  /  (c) 

2-  Which  one  of  the  following  energy  levels  has  more  electrons? 

VjjSI  db iJjjSiVI  JJJAJ  1  J._Jl  <bbjluL4  (JA  (j\ 

a)  First  primary  level. 

b)  Second  primary  level. 

c)  Third  primary  level. 

A/  (c) 

3-  Maximum  how  many  electrons  are  there  in  primary  energy  level  (n=2)? 

.(^luJI)  цмш jll  AlUall  jjlu ь4  ^  jjbjjjSVI  (ja  JJC- 

a)  32  electrons. 

b)  18  electrons. 

c)  8  electrons. 

A/  (c) 

4-  What  is  the  number  of  orbital  of  (f)  sublevel?  JIjjjjjI  ^f^ 

a)  3  orbitals 

b)  7  orbitals 

c)  5  orbitals 
A/(b) 

5-  Which  of  the  following  electron  configuration  is  correct  for  d  sublevel 
which  has  6  electrons  according  to  Hund's  Rule? 

^jjjSJI  (-jjjjj  j\  d  ijjjSJl  dui  jl^l  .  jk  S'JC-Ш  Ijuj  jjjIjJI 

a) 

b) 

c) 

A/  (a) 


П|ПИП 


П| 1 | 1  |  1  |T 

1 1 1 1 1 1  1  |ТГ 
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6-  The  third  main  energy  level  contains  a  number  of  orbitals: 

,jA  CjVIjjjjjV!  ch®  jjia-J  CIiSIjV  jjIulaI! 

a)  4  orbitals 

b)  9  orbitals 

c)  16  orbitals 
A/  (b) 

7-  Electron  configuration  of  one  of  elements  is  as  following  1S  S  2p3  what 
is  the  atomic  number  of  this  element? 

?jA  j<«o*itl!  \±$1  ^jUl  JJJdt  1S2  2S2  2p3  j<^U*J!  j*V  > jjj^iVt  <-ш jjil 

a)  5  b)  4  c)  7 

A/  (c)  vVJr 

8-  Electronic  arrangement  of  neon  element:  j*  Oj^!  ^jjj^V!  «-jjjjjJ! 

a)  1S2  2S2  2p6 

b)  1S2  2S2  2p6  3S1 

c)  1S2  2S2  2рб  3S2 

A/  (a)  ^  % 

9-  in  the  periodic  table,  the  element  of  block  d  are  located. 

?  >  d  4>4  j^ljfr  £&  <JJJ^1  Jj^aJ!  > 

a)  Below  the  periodic  table. 

b)  On  right  of  the  periodic  table. 

c)  Middle  of  the  periodic  table. 

A/  (c) 

10-  in  the  periodic  table,  the  element  that  assemble  the  right  of  the  periodic 
table  are: 

:>  esjj^l  Jj^aJ!  0'  o^jjAaJ!  <>  >Jt  jualixJ!  f  (jjj^t  Jj^aJt  > 

a)  Block  p  elements. 

b)  Block  f  elements. 

c)  Block  s  elements. 

A/(a) 


11-  Halogens  are  the  elements  of  the  group 

a)  IA 

b)  VIIA 

c)  VIIIA 
A/(b) 


Sj^j2!  >  juaUc-  >  dlliajiLfS! 


07704370050  tjub 


43 


eUL/lii  cS^~ CJ*', i  c*  iT»  c/1 1 S 


07706236700  /  JdL 


(DDocBomQsOo^ 


&w*£J  i 

^  <50  <>0 


Jz^ <£Jl_lM 


12-  What  is  the  electron  configuration  of  an  element  which  ends  with  Зр3 

Зр3  _j  Jjfljxi  ^jjjSWl  jAb» 

a)  1S2  2рб  Зр3 

b)  1S2  2S2  2p6  3S2  Зр3 

c)  1S2  2S2  2p6  Зр3 
A/  (b) 

13- The  discovery  of  the  nucleus  of  the  element  is  attributed  to  the  scientist? 

<Ji*j i  (jl\  <-^jj  jjjuxSi  si ji  uLiisi 

a)  Rutherford 

b)  Bor 

c)  Thomson 
A/  (a) 

14  -  Atom  element  ends  with  electronic  level  3S1  atomic  number  of  this 
element  is 

jA  juajxlS  ^jiil  JJj  i  3S1  -J  ^jjj^VI  I^jjjjj  jj^j*j|  Sjj 

a)  8 

b)  13 

c)  11 
A/  (c) 

15-  The  amount  of  energy  required  to  remove  one  electron  from  the  outer 
energy  level  of  a  gaseous  atom  is  called  .... 

Jj  AjjUjl  AJbJl  J  Sj jj  jlaJl  4ilbj|  uiblfr  ±*l j  jjjjiil  £ljjiV  Д-ejbUl  ASUajl  Aja£ 

a)  lonization  energy. 

b)  Electronegativity. 

c)  Electron  affinity. 

A/  (a) 

16  -  An  atom  of  an  element  ends  with  electron  order  in  secondary  level  2P5 
what  its  group  and  period: 

:  jA  Sjjjjlj  Sjjjjl  f£j  jjU  2P5  (^jjlAJl  AiiUajl  jJLua  J  ^jjjSil  uujjj  ^^^jjj  Juajfr  Sjj 

a)  Fifth  group,  Second  period. 

b)  Second  group,  Fifth  period. 

c)  Seventh  group,  Second  period. 

A/  (c) 
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17-  An  element  in  the  fifth  group  and  the  third  period  ,  the  final  secondary 
energy  level  is : 

;  jA  jjaSH  AilLJt  jj1mua&  4jJUI|  S  jjjil  f  A  ui  л\  i  ^  Sj^jll  Jjb  jfr 

a)  ЗР5 

b)  5P3 

c)  ЗР3 
A/  (c) 

18-  Which  of  the  following  elements  has  highest  electronegativity? 

?  4j  .1 jj$£  4jjVI  J*^U*J|  (ja  (j\ 

a)  Fluorine 

b)  Chlorine 

c)  Bromine 
A/  (a) 

19-  The  radius  of  elements  increase  within  same  period  as: 

■  Sjj-ill  j^aUxIJ  jblll  t.'-»uaj  JlJjj 

a)  It  has  less  atomic  number. 

b)  It  has  larger  atomic  number. 

c)  As  we  move  from  left  to  right  in  the  periodic  table. 

A/  (a) 

20-  Which  of  the  following  is  true  for  the  Lewis  structure  of  Argon  (18Лг) 
element  ? 

?  (18Лг)  йАДО  W*  C**-3  б4  <j' 


a)  o  Лг < 


A  /  (b) 


b)  oArl 


Ar< 
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1-2  Explain  RutherforcTs  atomic  model  any  why  his  model  was  failed 


A) 


•  Rutherford's  introduced  his  perception  that  protons  are  situated  in  a 
tiny  area  at  the  center  of  the  atom  called  the  nucleus  which  contains 
most  of  the  mass  of  the  atom  and  that  the  electrons  circle  around  the 
nucleus. 

•  Therefore,  most  of  the  volume  of  the  atom  is  a  void  and  the  number  of 
negative  electrons  rotates  around  the  nucleus  balance  the  positive 
charge  of  the  protons.  These  electrons  rotate  around  the  nucleus  in 
various  orbits  with  varying  distance  from  the  nucleus  as  is  the  case  of 
plants  rotating  around  the  sun. 

•  This  model  was  failed  because  : 

N0.1  Assumption  : 

Assuming  that  negative  electrons  are  static  these  electrons  must  be  in 
constant  motion. 

N0.2  Assumption  : 

Give  that  moving  electric  charge  which  is  under  gravitation  force 
releases  energy,  so  there  must  be  loss  in  the  energy  the  moving 
electron  which  would  eventually  slow  down  electron  would  move 
around  in  a  circular  motion  and  finally  falls  into  the  nucleus. 

In  both  Assumption,  the  atom  must  collapse  and  considering  that  the 
atoms  don't  usually  collapse,  so  there  must  be  something  wrong  in 
Rutherford's  atomic  model. 
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1-3  write  briefly  about 


(jc  jLuflj^b  t—ui1 


1- 

2- 

3- 

4- 

5- 

A) 


lonization  energy. 

There  is  no  electronic  repel  in  same  orbital 
Thomson  atomic  model . 

Secondary  energy  levels. 

Electronegativity . 


1-  lonization  energy The  amount  of  energy  required  to  remove  on  electron 

from  the  outer  energy  level  of  a  gaseous  atom  .  As  in  the  ionization  of  sodium 
atom.  Na  +  ionization  energy  — »  Na+  +  e~ 

In  the  groups  the  ionization  energy  decreases  as  the  atomic  number  of  an 
element  increase  in  the  periods  the  ionization  energy  increase  as  the  atomic 
number  of  an  element  increase. 

2-  There  is  no  electronic  repel  in  same  orbital :-  Each  electron  spins  around 
itself  at  the  same  time  as  it  spins  around  the  nucleus ,  when  two  electrons  are 
coupled  in  one  orbital  QEI  one  would  spin  clockwise  MJ  and  the  other  would 
spin  anticlockwise  [T]  they  cancel  repulsion  in  this  way . 

3-  Thomson  atomic  model:-  Thomson  gave  another  perception  of  the  atom. 
(Since  the  discovered  electrons).  In  his  opinion  the  atom  is  positively  charged 
sphere  on  which  negatively  charged  electrons  are  attached  to  balance  the 
charge  therefore  the  atom  has  neutral  charge. 

4-  Secondarv  energy  levels:-  secondary  energy  level  (s,p,d  and  f)  these  levels 
differ  in  terms  of  shape  and  number  of  electrons  . 

(S)  Has  a  spherical  shape  has  one  orbital. 

(P)  It  has  three  orbitals  (Pz,  Py ,  Px) 

(d)  It  has  five  orbitals 

(f)  It  has  seven  orbitals  they  have  more  complicated  interstitial  forms  . 

5-  Electronegativitv:  -  The  tendency  of  an  atom  to  attract  bonded  electrons 
towards  itself  in  any  chemical  compound.  Fluoride  has  the  greatest 
electronegativity  and  thus  is  given  number  (4). 

Electronegativity  increases  as  the  atomic  number  in  the  period.  And  decreases 
as  the  atomic  number  increases  in  groups. 
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1-4  Two  element  12M#  and  165 

1-  Write  the  electronic  configuration  for  them  indicating  the  secondary 
energy  levels. 

2-  Period  and  group  of  each. 

3-  What  is  common  between  these  two  elements  in  their  location  in  the 
periodic  table? 

4-  Lewis  order  for  both  of  them. 

A) 


12^9 

i6^ 

1)1  S2  2S2  2P6  3S2 

1)1S2  2S2  2 P6  3 S2  ЗР4 

2)  Group  2A  -  Period  3rd 

2)  Group  6A  -  Period  3rd 

3)  The  common  between  Mg  and  S  is  that  they  both  have  the  same  period  (3) 

4) 

o  Mg  o 

4)  o  o 

o  s  o 

o  o 

1-5  Electron  configuration  for  fluorine  is  1S2  2S2  2 P5 

1)  What  is  the  atomic  number  for  fluorine  . 

2)  What  is  the  number  of  secondary  energy  levels  that  full  with  electrons , 
and  named  it . 

3)  What  is  the  number  of  unpaired  electrons  in  fluorine  atom. 

A) 

1) 9 

1S  2S 

2)  Only  two  QT|  Q3 


3)  One  electron 


2  P 

nlnl  1 
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1-6  Arrange  elements  bv  decreasing  in  their  atomic  size  2He  >  ю^е  >  ie^r 

j j  циА  j^atadl  ljjj 


A) 

2Яе  152 

10Яе  152  252  2 P6 

Лг  152  252  2P6  352  3 P6 
2He  <  10Ne  <  18Ar 


18 


Group  (zero)  period  lst 
Group  (zero)  period  2nd 
Group  (zero)  period  3rd 


1-7  What  is  common  thing  between  the  following  elements  : 

1)  3Li  ,  jH  2)  13 Al  , 

A) 

1)  3Li  1 52  251 

ХЯ  152 

Both  have  the  same  group  (1A) 

2) 13Л*  152  252  2P6  352  ЗР1 
17Cl  1 52  252  2P6  352  ЗР5 

Both  have  the  same  period  (3rd ) 

1-8  Name  the  period  and  group  for  each  element :  18Ar ,  1±Na 
A) 


Group  (1A)  -  period  2nd 
Group  (1A)  -  period  lst 

Group  (ЗА)  -  period  3rd 
Group  (7A)  -  period  3rd 


18Лг 

ltNa 


1 52  25f*2P6  3 52  ЗР6 
152  252  2 P6  351 


Group  (Zero)  -  period  3rd 
Group  (1A)  -  period  3rd 


1-9  Write  Lewis  symbol  for  each  of  the  following  :  165  ,  5B 
A) 

165  152  252  2P6  352  ЗР4  ->  •  s  ° 

СЯ  152  252  2P1  ->  oBo 
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1-10  Which  elements  are  called  Noble  gases  in  the  periodic  table  and  what  is 

the  most  important  characteristic  of  these  elements  ? 


A)  2He  >  ioNe  >  isAr  >  звКг  >  54*e  ,  86 Rn 

The  last  group  on  the  far  right  of  the  periodic  table  (group  VIIIA  or  group  Zero). 


Important  Characteristic 

1-  Have  the  greatest  ionization  energy. 

2-  Have  the  lowest  electron  affinity. 

3-  The  Noble  gases  which  have  the  tendency  to  make  compounds  have  a  very 
high  electronegativity. 

1-11  How  does  elements  blocks  in  the  periodic  table  are  arrange  ,  and  what  it 

position  ? 

Classification  of  elements  in  the  periodic  table  depends  on  this  valence 
electron.  Elements  can  be  divided  into  four  blocks  :- 


1-  S  block  :  they  are  elements  on  the  far  left  of  the  periodic  table  . 

2-  p  block  :  these  element  are  located  on  the  right  side  of  the  periodic  table  . 

3-  d  block  :  these  element  are  located  at  the  center(middle)of  the  periodic  table 

4-  f  block  :  these  element  are  located  at  the  bottom  of  the  periodic  table  . 


1-12  How  many  secondary  levels  and  orbitals  and  electrons  in  each  of 

primary  energy  level  (second  ,  third  )  ? 

4jalia]|  (JA  JS  CjUjjjSJVIj  CjVU JJjjVlj  AjjjUil  CjbjiubUl  JJfr  U 

(  ДЙ51)  ,  ^ltill) 

A/ 


Primary  energy  level 

Number  of 
secondary  level 

Number  of  orbitals 

Number  of  electrons 

Second  (  n  =  2 ) 

S,P 

4 

8 

Third  (  n  =  3  ) 

S,P,d 

9 

18 
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1-13  Answer  the  following  question  according  to  1 7CI  ,  xlNa  ? 

1-  Write  electron  configuration  of  them. 

2-  Show  Lewis  structure. 

3-  Show  primary  and  secondary  energy  levels. 

4-  Write  number  of  unpaired  electrons. 

4-  Number  of  electrons  for  each  primary  energy  level  around  each  nucleus. 

6-  Number  of  secondary  energy  level  that  is  filled  with  electrons. 

7-  Period  and  group  for  each  atom  and  what  is  the  common  characteristic 
between  them. 

A) 


1- 

1±Na 

1 52  252 

2P6 

351 

17  Cl 

152  252 

2P6 

352  ЗР5 

2- 

Na  0 

0 

0  0 

O  П  O 

0  0 

3- 

Na 

У 

ш 

tn 

03 

V  35 

3  P 

3  d 

ш 

ш 

1  1  1  1 

1 

1  1  1  1  1 

\r 

03 

ш 

u 

c 

ш 

L. 

u 

c 

25 

2  P 

> 

bJ 

ш 

c 

ш 

15 

luiniul 

> 

L. 

ш 

c 

ш 

ш 

ш 

Primary  energy  level 


35 

Ш 

25 

ш 

15 

сш 


ci 

з  p 

гттттл 

2  P 

llllllllll 


3  d 

. 


Na 


ш 

03 

ш 

u 

c 

> 

bJ 

ш 

c 


3  рГГП 
35  Ш 
2P  1111111111 
25  Ш 

15  [Ц 


ш 

\r 

о: 

ш 

и 

с 

> 

dj 

ш 

с 


Secondary  energy  level 


Cl 

ЗР1П111И1 
35  Ш 

2 P  inlilliil 
25  [Ц 

15  QD 
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4  \ 

£Ьйр«ег  2 

_ _ _ J 


Groups  IA  &  IIA 


«ujLJi  ^  j 


07704370050  :Jl>L 


52 


eUL/lii  ^JJ  C<  iT»  C->1 1  У  ^L/ 


07706236700  /  cJdL 


(DDD®omQsOou 


&w*£J  i 

^  <50  <>0 


Jz^ ^Jlil  <£Jl_lM 


By  the  end  of  this  chapter,  student  will  be  able  to: 

1.  Identify  the  names  and  symbols  of  the  element  in  group  IA  and  Group  IIA. 

2.  Know  the  reason  why  these  elements  were  put  in  these  two  adjacent  groups. 

3.  Identify  the  location  of  each  group  in  the  periodic  table. 

4.  Distinguish  the  difference  Distinguish  the  difference  among  the  element 
based  on  their  properties. 

5.  Recognize  sodium  and  identify  its  compounds. 

6.  Recognize  calcium  and  identify  its  compounds. 

7.  Use  flame  test  to  identify  some  of  the  elements  in  the  two  groups. 

8.  Conclude  why  the  elements  in  these  two  groups  do  not  occur  as  free 
elements  in  nature. 


I  |ад  Д-yu! jj 

.AjjIjDj  ^jV!  J  j«aU*J!  jjj>jj  fUuut  .1 

.2 
.3 
.4 
.5 
.6 
.7 
.8 


.  jjjjjl aaaJl  jjjfr ja^U!  juU  J  jualjd!  o U  Jjia j  ‘  ■■  Aij*-a 

.^jjjj!  Jj^aJ!  J  La $1a  Sjej  JS  ^Sjj»  Jj-iaU 

.Lj^-yfltjA  Js-  f-Uj  juflUxl!  jjj  JjjjU!) 
.4jU£jj  JjJaj  ^jjJ jjyfli!  (_j j*jj) 

.4jU£j4  j  »jj  (_flj*jj) 

,  jyflUx!)  jfl*j  JjJflUl  ‘.‘gttt  ^  д jUjI!  ^IjUUui! 
.Дд-цДаЗ!  J  $ ja.  jJJjejj)  juaUc-  Jja.j  J  l_ujU)  ^UHui! 


S  |СО| 


% 


L* 
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2-1  Element  in  Group  IA  &IIA 

Elements  in  Group  IA  and  group  IIA  are  found  of  the  left  side  of  the  periodic 
table  as  the  figure  bellow. 

(2-1)  J^'  .cSjj-d'  Jj^'  (>  J-yV'  <-flj^'  (J&  ^jV'  Sj-»ji1  j^Uc. 

,4*Sj-»  ^UajJ 

The  first  group  (IA)  consist  of  the  alkali  metals:  Lithium  (Li)  sodium  (Na) 
Potassium  (K)  Rubidium  (Rb)  cesium  (Cs)  and  Francium  (Fr)  is  the  only 
element  in  this  group  which  is  prepared  industrially. 

fjjA-uUjJl  5  (Ni)  fJJ-Jj^'  ,  (Li)  fjAAJ'  C>J  ^JJ^'  (IA)  <jJjV'  *J-»jJ'  J^a'-jfr  ^*jaj 
jUaaj  Sjj»jJl  о^А  ^  Jj^jjt  jliJl  jA  j  (Fr)  f j^'j^'  ,  (Cs)  ,  (Rb)  fJJ^jJ'  ,  (K) 

U^llua 

■ 


н 

Li 

Be 

Na 

Mg 

K 

Ca 

Rb 

Sr 

Cs 

Ba 

Fr 

Ra 
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Group  (IIA)  consist  of  the  alkali  earth  metals:  Beryllium  (Be)  magnesium  (Mg) 
calcium  (Ca)  strontium  (Sr)  Barium  (Ba)  and  Radium  (Ra).  This  elements  are 
arranged  according  to  the  increase  in  their  atomic  numbers. 

,  (Mg)  ,  (Be)  (<Ь$Ш'  AjjjVI  CjIJIaJI)  (||Д)  AjIjJI  SjjjJ)  jj atlfr 

UJlJfrl  SjLJ  и*л  Ajjjj  (j&3  (Ra)  ,  (Ba)  f»jJjbJ' ,  (Sr)  ^jjJjjUI  ,  (Ca)  fjj-IUIt 

.AjjaI' 


2-2  General  Properties  of  Group  IA  &IIA 

(IIA)  J  (IA)  jUj»j!l  J^U*!  AuUJI  Cjlluaj) 

1-  The  element  in  this  two  groups  have  low  electron  gativity  and  low 
ionization  energy. 

2-  The  outer  shells  of  all  the  elements  in  group  (IA)  have  one  electron 
whereas  the  outer  shells  of  the  elements  in  group  IIA  have  two  electrons 

3-  Because  of  their  reactivity  they  cannot  occur  in  the  free  from  in  nature. 

^  4-uluiJj^£  uj|j  jjj jjjll  jjjU  j^Ufr  -1 

Jfrj  (IA)  <Д$^1  Sjj»jll  juaUxS  AjjjIIU  jxlj  jjjSl)  l$I  L«JjejII  juaUfr  xjux-2 

.(IIA)  AjjUII  Sjajll  juaUxS  jjjjjjjSl) 

Axulall  Sjx  Sjjj^j  jxjj  V  1  j'**  1  -3 

However,  there  is  a  very  small  difference  in  the  general  proprieties  between 
these  two  group  elements.  The  metallic  properties  of  the  elements  in  group 
IIA  are  lower  than  those  of  the  elements  in  group  IA. 

The  ionization  energy  of  the  element  in  group  IIA  is  greater  than  those  of  the 
elements  in  group  IA  because  of  the  decrease  in  atomic  volume. 

.AjjUII j  fjl, jVI  jjj ija jll  jjj  A-aUll  uLLuall  Jb  jaouu  cijUxl  tlHUfc  jl  VI 

AjjUI)  Sjajll  juaUfr  jjU  Ailbj  ^jVI  Sjajll  juaUfr  ja  Ajjlfl  JS)  jjSj  AjjUI  Sjajll  juaUfr 

.^jjll  ^ajaJI  jUaii  ljjjj  ^jVI  Sjajll  ja  Js> I 
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Q/  what  are  the  physical  properties  of  group  (IA)  and  (IIA)? 

?  (IIA)  J  (IA)  AjjbjjiJl  (jjaljaJl  ^Al  U 

1-  Metallic  and  boiling  points  decrease  when  the  atomic  number  of  the 
element  increase. 


JJxII  JjIjj  J  д  xjajyi j  (jbiiil  AajJ  <j^SLSj  -1 

2-  The  compounds  of  these  metals  such  as  Chlorides  NaCI  and  KCI,  etc.,  give 
different  colors  to  the  flame  of  Benzene  lamp. 

Aix*ju  AiilLj  jljil  f  £il  ....  KCI  J  NaCI  Jj'jjiSi'  JjJ»  Ualjiil  d^A  UbSjj»  -2 

♦  ♦ # 
.OJ4 

Those  colors  distinguish  metal  individually. 

.jjjfl  Jluu  uljliil  jj^j  jljSVI  sAA 


Lithium  gives  Scarlet  color. 

Sodium  Compounds  give  shiny  vellow  color. 
Calcium  Compounds  gives  dark  red  color. 
Strontium  gives  Scarlet  color. 

Barium  give  yellow  wish  green. 


jjiii  (j  jj»jS 

(<jr^  j)  J'je  J^' 
(^SjjUa  jaxI 

jjii'  ^ jj»jS 


SodiumfNa)  Lithirnn(Li)  Cessium  (Сч) 


Rsiuro  (B«) 


Г  A| 


Hamc  color  ot'  clcmcnts 
il  Calcium 

b.  Stroniium 

c.  Uarium 
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3-  The  increase  and  decrease  in  the  density  of  the  elements  are  irregular  to 
the  increase  in  their  atomic  numbers,  taking  into  consideration  that  the 
density  of  the  first  three  elements  (K,  Na  and  Li)  is  lower  than  the  density  of 
water  at  (25°C). 

j*jj UjUI  Q\  U Ь  hjjl\  UJlJfrl  Jj|J2  р  j|  Sjbjil  jjc.  jjalixil  4lUS  -3 

25°C  4*^  fbJI  (>  JSI  (к,  Na  ,  Li)  ^jVI  Д5Ш1 


Q/  what  are  the  chemical  properties  of  group  (IA)  and  (IIA)? 

1-  The  elements  in  group  (IA)  have  one  valence  electron  and  the  elements  in 
group  (IIA)  have  two  valence  electrons  in  their  outer  shells. 

They  have  the  tendency  to  lose  their  valence  electrons  when  they  enter  into 
a  chemical  reaction. 

Elements  in  group  (IA)  form  positively  charged  ions  (M+)  and  element  in  group 
(IIA)  form  (M++). 

?(IIA)  J  (IA)  j*jaUxS  AjiUjjSil  jaljaJI  <>L»  /  (j* 
ij  jjjjjjjSil  (IIA)  AjjUjl  Sjj»jj|  j*^U*ij  A^lj  jjjjSSil  ф  (IA)  (j^jVI  Sjj»jjl  j«aUc.  -1 

.c^jUUl 


^JjUiL  (M+)  ^jaJiil  Aj^jj  UjUjjI  jjjSjj  ^LjjS  Jclii  (j  Jjijj)  Uc  U  jjl 


.AjiUii  s jaj!\  jjaUjU  *Uu*jju  (м++)  ^iajjji  4jjUj  ji .  ^vi  s jjjii  jj^UjU 


2-  They  combine  with  non-metals  to  form  stables  salt  with  high  solubility 
except  Lithium  which  is  less  soluble  in  water  because  it  has  small  volume  and 
the  great  attraction  energy  of  its  nucleus  to  electrons. 


tiiijj  AjiUjj  jfli  ^ ,jjl  jii  ijc  р uii  цк  jjUj jii  SjUs  SjSiuu  ^bUi  4j jLa  j  ui jis^ui  jUu  -2 

.4jUjjj£il  Sljiii  SjjjSil  Sj^j  *U»aA  jijjai 
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3-  These  elements  are  very  active  reducing  agents.  They  tend  to  lose  the 
external  covalence  electrons  easily  because  they  are  easily  oxidation 
elements  of  group  (IA)  are  called  alkaline  metals  because  their  solutions  are 
highly  basic. 

jblSlSl  UjU ijjiiSJl  jljlil  Jjaj  Igj)  jl)  4jj3  Jj| jfr  «il jlui  jjdUxSl  o «iliuu  -3 

4Jifr  1$\пка  jV  Ajjiiii  cjijiiiu  (ia)  ^jVi  Sjjjii  juaUc.  .(UauiSU 4ij^u  aJj^uu 

Element  of  group  (IIA)  are  called  alkaline  earth  metals  because  some  of  their 
oxides  are  known  as  alkaline  earth. 

.Ajjftil  AjjjVU  Uiajfr  UJjAjlil  jjaxj  jV  4jjJaJ|  4j>VI  Uiljla  (||Д)  AjjUil  SjejJl  juaUfr 


Q/  Give  the  reason: 

1-  The  element  in  group  (IA)  is  called  alkaline  metals. 

2-  The  element  in  group  (IIA)  is  called  alkaline  earth  metals. 

3-  Lithium  is  less  soluble  in  water? 

4-  The  elements  in  group  (IA)  and  (IIA)  are  very  reducing  agents? 

Solutions: 

1-  Because  their  solutions  are  highly  basic. 

2-  Because  some  of  their  oxides  are  known  as  alkaline  earth. 

3-  Because  Li  has  small  volume  and  the  great  attraction  energy  of  its  nucleus 
to  electrons. 

4-  Because  they  are  easily  oxidation. 
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2-3  Sodium 


Energy  level  Symbol 

Energy  level 

Number  of  electron 

K 

1 

2 

L 

2 

8 

M 

3 

1 

Valerice  Electrons 


Electron  Configuration  of  Sodium  element 
Chemical  Symbol:  Na 
Atomic  Number:  11 
Mass  Number:  23 

2-3-1  Occurrence:  ^з±з 

Sodium  does  not  occur  as  a  free  element  in  nature  due  to  its  high  reactivity. 

It  occurs  in  nature  combined  with  other  elements  forming  stable  compounds 
such  as  sodium  chloride,  sodium  sulfates  and  sodium  silicates. 


It  is  preserved  in  liquids,  with  which  it  does  not  react  like: 

Pure  benzene  and  kerosene  because  it  burns  when  expose  to  air. 
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.AjJUa  SluJ  AxubJl  ^  IjA  ^jjJjuail  J^jjV 

^ jjJ ij-uall  CjIjjjj£  j  ^ jjJ ija^II  JjjjIS  Ц-U j  Ajju  CjUSja  U jLa  j^UxJI  jja  djjP  l^Vu  .Ц jj 

jjJ ijyall  CjISjIluj j 

AjJqjxj  Jjp  j£Luu  4J j£j  jjuj jjj£ll j  ^HSl  jjjjjII  Jj-4  Цлл  JpUjjV  ^jII  JjI juJl  ^  Iiiaj 

2- 3-2  Properties  of  Sodium  ofb* 

A)  Physical  Properties: _ p^aljaJI 

Q  /  what  are  the  Physical  Properties  of  Sodium? 

A  /  1-  Sodium  is  soft  metal.  2-  Has  a  bright  silvery  luster  when  it  is  readily  cut. 

3-  Its  density  is  less  than  the  density  of  water.  4-  It  melts  down  at  (97.81°C). 

5-  It  boils  at  (882.9°C). 

jjJjua ii  AjjLjjJJI  QjaljaJl  /  qm 

SjIja  AajJj  jf-jajj  -3  .*bJl  4iljS  j*  JS'  -2  .bjja.  |j|  Jjjj  4J  jA  jSfl  -1  /  £ 

.(882.9°C)  jf-ai-  Л  -4  .(97.81°C) 

B)  Chemical  Properties: _ 'ULujSII  ^ijiJi 

Free  sodium  is  a  very  active  element. 

It  combine  directly  with  most  of  non-metals  to  form  ionized  compounds  as  it 
forms  ion  (Na+). 

Most  important  chemical  properties  of  sodium  are: 

jjSj  £ил  AJjjI  CiUSjj)  jjjSU  Sjuilxa  CjI  jlflbUl  -k*  A  w  j  .IJa  JIa£  jj^j S-  jaJl  ^jjJ ij^ll 

.uj^jjJI  (Na+)  ^jJJjuail  jjjl 

;  AuLjuSJI  ‘Ualja.  ^l  j a 
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2Na 

Sodium 


1-  It  directly  combines  with  oxygen.  When  a  freshly  piece  of  sodium  is 
exposed  to  moist  air.  Its  bright  color  vanishes  after  a  very  short  time  and  the 
piece  gets  a  white  cover. 

Jjjj  f  1  j^ii  (IjjJa.  ACjLLo)  ^jjJ ijua  4лЬ2  jjajjau  jjA  -  м£ jVI  ajuiLut 

^LuSJJ  4jjbj  ^uj£jj 


2-  It  directly  combines  with  chlorine  and  burns  when  heated  together. 

,4jlj  |j|  JjlLuUJ  jjisjl  jlc-  i  jJti l_L4  w  j  -2 

2NaCI 

Sodium  chloride 


СЬ 

chloride  gas 


r  Sotlnm  in  ihc  utfeuc  fm 


3-  It  reacts  vigorously  with  water  forming  sodium  hydroxide  and  releasing 
hydrogen  gas. 


. £jajjJj$Jl  jlc  jjslj  j  ^ jjJjj^I  JjuiSjjJjA  UjSj»  f.Ul  £a  АЦ»  -3 


2Na  + 
Sodium 


2H20 

Water 


2NaOH  + 
Sodium  hydroxide 


H2 

gas  hydrogen 


Sodium  hto  bngfet  ooior 
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4-  it  react  vigorously  with  the  dilute  acids  forming  acid  salt  and  releasing 
hydrogen. 

.jjjx jjJj^JI  jlc-  ljja-a j  ^le  UjLa  4  йЛл  ^Jaalj^l  gj*  SSuu  Jclijj  -4 


2Na  +  2HCI  -»  2NaCI  +  H2| 

Sodium  hydrochloric  acid  Sodium  chloride  hydrogen 

RcuL'tion  of  uxilum  u  uh  w  jki 

5-  It  react  with  many  oxides  and  chlorides  as  in  the  following  equations 

;CiVJbuJl  ,3  1д£  CjlJjjjISil  j  JjjjiISVI  (У»  jjjSII  яиа  ^jjJ j*^II  Jclijj  -5 

2Na  +  MgO  -+  Na20  +  Mg 
3Na  +  AICU  -+  3NaCI  +  Al 

Uses  of  sodium:  jjVU«ImiI 

1-  Sodium  is  used  as  an  active  reducing  agent  in  some  of  the  organic 
interactions  because  of  its  high  oxidation. 

,sAu4U  ACjuuj  ьЛий  ‘  .  j-  4jjUax5l  <1£1С'Ш11  (jja*j  LJ&  jjS  Jjja-a  JjIxS  JjjCLuu 

2-  It  is  used  to  production  of  sodium  cyanide  which  is  used  in  purifying  gold 
and  in  many  other  industrial  applications. 

dJjJC  AjC-UuS  jjVLajLLuil  4jj  i_ife  jll  AjHj  iJUIulUI  ^ jjJjj^II  jjjLu  u  ^Lul  J-mLLuij  -2 

3-  It  is  used  in  mining  to  remove  the  oxygen  of  air  which  is  combine  with  the 
metals  or  which  is  soluble  in  their  molten. 

Lj|  jlill  Ц»а  1  Wia  jjSu  j lll  f.) j^Jl  jjjXjuS, jl  (jA  o^lauil  JjJjuII  CjUlafr  ^jjJ ji^ll  -3 

.L$j|j$jjai«  ^  <_u|jll  jl 
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Flamc  ot'sodium  vclkrn  color 


2-3-4  Test  sodium  ion  in  it  compounds: 

42Ь£>д  £)jj|  yfr  <■  аЛМ! 

Flame  test  (dry  detection)  is  used  for  this  purpose  as 
maintained  earlier  in  the  properties  of  the  elements  of  group 
IA  to  which  sodium  belongs  sodium  gives  the  flame  the 
yellow  color. 

J IjVI  S jaj\\  aUfr  J^slja.  J  jSj  US  (cibJl  i_i*iSJI)  vfll! 

.jiuaVI  jjUb  44^'  ^jJJjuail  jjb  .  fJJAjual'  cr*I' 


2-3-5  sodium  compounds 


frjjJjuall  <UU£jj> 


Ci  ion 


Na+ion  Na  and  Cl  ion  in  the  SodiumChloridecrystal 

Sodium  Chloride 


Sodium  compounds  are  very  abundant  in  nature  the  most  important 
compounds  of  sodium  are  rock  salts  (sodium  chloride)  and  a  mixture  of 
double  salts.  Under  the  effect  of  erosion  such  as  rain  or  air  which  contains 
carbon  dioxide  gas.  Some  of  these  salts  convert  into  sodium  carbonates,  pure 
mud  and  sand. 


jl  (^jjJjuaJl  JjjjIS)  4j%Ult  jja^all  Ц-лА'  j  Axjjbll  J  jLijjV'  A*uilj  ^jjJjuall  CjUSjj»  jl 
^jia-j  ^  jll  *!j$J!  j  jlkeVI  dbj»  Jle  AjjaJl  Ajj*jI!  Jj>ljfr  jjjUjj  Aja.jJjj»II  ^!UVI  <>  bjH 
jjlallj  ^jjJjjall  CjUjjjS  ^l  sAA  jj»  ^u£  Jjajj  Co2  UjJjUH  AiujSjl  jl£  Js- 

. J-jllj  (jUflLflll)  JU) 
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1-  Sodium  chloride  (Table  salt)  (^Ulall  gtL>)  AjjjlS 

Table  salt  NaCI  is  the  most  abundant  sodium  compound  in  nature. 

It  occurs  in  nature  are  rock  salts  in  many  countries  around  the  world. 

It  also  occurs  as  underground  salt  deposits  it  is  abundant  with  huge  quantities 
in  spring,  seas  and  lakes. 

J  4jala  jjlua  Jiuu  Jajj  j$£  J  IjLauI  ^jjJjuaJl  ujUSjj»  jjS!  (NaCI) 

^JjUj  oL 14  J  uLutSj  J^JJJ  (jijVI  ^ьЬд "  uj^J  4j^la  uLjuijj  J*mij  jl  jlJJUl  jj  jjjS 

.CjI  >3j%jIIj  jLaall 


Extraction  of  Salt 


fblall  frl  jaIumI 


If  salt  exists  with  high  concentrations  in  sea  water,  the  water  is  pumped  into 
large  shallow  pools  to  be  vaporized  by  the  sun. 

SjljJkJ  f  1_д]|  joljj  ^j  4jlui!j  ^jjal j^l  ^l  oLaS!  o ЛА  £tjjaj$  joljII  oLlo  J  Ajuuj  ^iUl  J^ j  1 3| 

.(jjAuiil 

These  processes  are  being  used  now  in  southern  part  of  Iraq  (FAW  salts). 

.(  jLiSl  dil^^La)  Jljxi!  «_ ijjLi  J  jVI  4-9JHuu»J|  4ijjiaJl  oife 


B-  Uses  of  sodium  chloride: 


(>jjJjjjail  UjjjK  LjLol^-i,,.| 


Table  salt  is  very  essential  to  human  beings  it  is  indispensable  in  our  food. 
Also,  table  salt  is  industrially  important: 

4ja&!  4J  4j|  LaS  .(^jjM  4j|jc-  J  fUiiuiV!  4j£jjVI  jLuubU  Ajjjjua  oJLa  ^btlaJl  ^ia 

:  JJ&  AjfrUua 

1-  It  is  used  as  an  essential  raw  material  in  the  preparation  of  many  sodium 
compounds  such  as  sodium  carbonites  (washing  soda). 

^ jjJjuaM  CjUjjjlS  Jla  ^ jjJjt^l  ljUSjj  (jj  JjJxi!  jjUaAj  J  AIoxjulUI  4-ujjjjII  oJLUl  -1 

.(Jjuiil!  iJjua) 
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2-  Sodium  chloride  is  used  in  preservation  of  consumable  food  for  certain 
period  of  time  such  as  meat  and  fish. 

Concentrated  sodium  chloride  liquid  kills  harmful  bacteria  which  case 
putridity. 

9J^I  (j juLlt  „Mt  J-vtl  jjU|  Jlj^l)  tAa-v  j^l  JjjjIS  (j^a  Jliluu  -2 

.tiiAuJlj  Jl A 

.  jjixlll  1 1  ш  jj  ^ylll  LjjSjII  JjSj  JSjjJI  A. jj Ia  a  jl  j| 

Q/  Give  the  reason:- 

Sodium  chloride  is  used  in  preservation  of  consumable  food? 

A  /  because  the  Concentrated  sodium  chloride  liquid  kills  harmful  bacteria 
which  case  putridity. 

3-  Sodium  chloride  is  used  in  leather  tanning  production  of  ice  for  cooling  and 
painting  adhesives. 

.£LuaV!  Ljjjjj  <Дз  JjjjjIL  gjjlt  AfiUua  CjLLfrj  JjLJt  Ai'LJ  <Д  jjJjualt  JjjjIS  Jj»xIuu  -3 


C-  Properties  of  sodium  chloride 


^jjJjjjal!  .IjjjK  QjatjA 


The  following  experiment  can  be  done  to  show  some  Properties  of  sodium 
chloride. 

;AjjV1  4jjajL)  *)ja)  JjH  <jj  ^jjJjualt  JjjjK  <jja)ji  <_><a*j  ^LHuu)  <jljj 

Put  some  crystals  of  pure  sodium  chloride  in  a  glass  bowel  and  put  some  salt 
(table  salt)  in  another.  Put  the  tow  glass  bowels  in  humid  air  and  label  the 
bowels  individually.  After  one  or  two  days,  check  the  salt  in  the  bowels  you 
notice  that  the  regular  salt  becomes  humidified  the  pure  salt  stays 
unaffected. 
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^le  £)Л  AjaS  <j  jil  AfiLdU  AaIaj  ^  £uaj  .AfrL-i  AaIaJ  ^  ^ jjJjual)  JjjjK  CjIjjL  jjja 

—  jjj>jj  jl  —  ^jj  jjjj>  J*jj  (L^-L  j£  jjuLj  Jj>)  .(-Jaj  ja.  j  jiLLjl!  liljjlj  ^JlxSl  fDaJl 

.  jjj^Ljll  UIS  ^  ^IaII  jjaail 

-  This  indicates  that  sodium  chloride  does  not  absorb  water  from  air,  i.e. 
it  does  not  hydrate. 

^Dl  jjU  ^JC-  j  j  jIaJI  ^D!  (_iL  jj  ia^bUui 

Regular  salt  has  the  property  of  absorbing  water  (humidity)  from  air. 

The  process  of  absorbing  water  from  air  being  wet  is  called  "hydrolysis". 

.(Luuj  V)  jaJl  <>  *LJI  t>aLuV  j&^l  f jjJjDI  JjjjI*  jll  J&  Jjj  Lu 

Q/  define  hydrolysis? 

A  /  The  process  of  absorbing  water  from  air  being  wet. 

OjAlla  ^auij  j  (j Jlxll  ^D!  Je>  jj  ■  ^  jaJl  ja  (AjjLjII)  f LJl  jjaLalal  AjualL  j| j 
,Ajjjuj>  SjL>  jj|  jjlaJl  ^Dail  ^as  (jiJll)j  jDl  jj  AjjLjSI  (jdLLLI 


Therefore,  table  salt  is  a  hydrated  substance.  The  reason  for  this  hydration  is 
that  it  contains  impurities  of  calcium  chloride  or  magnesium  chloride  or  both. 
These  tow  compounds  have  strong  tendency  for  absorbing  water  from  air. 

(LfcJS  j!)  pju и/ii л\\  JjjjIS  jl  ^jjuJDI  Jj jjlS  j*  uuljji  Js>  AiljDI  ^l  ojjju  ljj*j  jl 

.  jD!  jj  AjjLjJI  j*aLuflLaV  jbLu  jUjLJl  jUlA  j 


(Becomes  hydrated  in  humid  air).  So  what  is  the  difference  between  table  salt 
and  sodium  chloride?  Why? 

?|3LJj  ?  (jjD!  ^LiaJl  ^iaj  ^jjJjjjfli)  JjjjlS  jjj  Jjiil  L  jj|  ((-Jaji)  jail  j  jL»jj) 
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2-  Sodium  Hydroxide  (NaoH) 

Sodium  Hydroxide  is  solid  substance  and  it  is  hydrated  when  exposed  to 
humid  air. 

The  hydrated  layer  of  sodium  Hydroxide  reacts  with  carbon  dioxide  in  air  to 
from  a  layer  of  sodium  carbonates  1\1а2СОз  which  is  insoluble  in  concentrated 
NaOH  solution.  A  dry  layer  is  formed  on  sodium  hydroxide  grains. 


2NaOH 

+  СОг 

Na2C03 

+  H20 

Sodium 

carbon 

sodium 

water 

Hydroxide 

dioxide 

chloride 

Sodium  hydroxide  is  a  base  with  a  great  tendency  to  dissolve  in  water. 

.fUit  (jk  <jUjiJi 


Ала  A  **л\л\\  j a'Utl  Jfrlijjj  t_Jajil  p\ j^Jj  l^UajJu  jjc  9-(jA jj  AuLd  SjLa  ^ ,jjJ j^jl  JjajSjjJjA 
VJ^  Na2C03  f>JJJj«^l  UUjjjI£  AiJa  OjSjj  jaJl  ^  OjJjlijl  Ai*jSjI  ^Uj  jlp 
JjulS jjJjA  СД-шл  ^ькл "  ^Jc-  AiU.  Sjuifl  JSjjj  tilij]  .4JjaLU|  JjJaLUl  j£jUl  NaOH  JjUj 


Q/  what  are  uses  of  NaOH? 


j jl jjil  cg&  tPU 


A  / 1-  in  many  industrial  fields  such  as  soap  and  detergent  industries,  textile 
and  paper  manufacturing. 

2-  It  is  also  used  as  an  essential  raw  material  in  the  preparation  of  many 
chemical  compounds  used  in  various  industries. 

4£>LLf2  j  ( Jj| juJl  ,  .< л^/-.1аи*лИ  j  ^jjjb^j)  4£.\2из  Ци«  AjcLLa  LjVU-л  (  i  JujlLuu 

Acll^jl  AIajlLulUI  UUSjAjl  j>4  JjJfcSl  jjUaau  ^  Ajjjl  SjUj  Jjjll  j  4auuVI 
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2-4  Calcium 


Chemical  symbol:  Ca 
Atomic  number:  20 
Mass  number:  40 


Energy  level 

Principle  Quantum  Number 

Electron  Number 

K 

1 

2 

L 

2 

8 

M 

3 

8 

N 

4 

2 
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Calcium  does  not  occur  as  a  free  element  in  nature  because  of  its  high 
activity.  It  occur  in  combination  of  other  elements  as  in  the  form  of 
carbonates  such  as  alabaster  and  limestone,  sulfates  such  as  plaster 
phosphates  such  as  calcium  phosphates  or  silicates  calcium  is  obtained  by  the 
method  of  electrolyzed  of  molten  calcium  chloride  and  fluoride.  It  occur  in 
some  kinds  of  food  such  as  milk  and  fish. 

j^U*2l  jj  sjjfr  Л-*а  lw'1'*  ixjjj  lluA  AjLulaSl  Sjx  ojjuaj  ^  jj  -  UlSJl  jlfl  JajjV 

Jjj  CjLiuiji  JSjjj  ^ic.  j|  (jjjaJl  J1a  CjIjjjjS  j£uj  ^ic- j  jul£il  jaa  j  jjjj2|  Jju  ulijjjlS  j£Jj 
jjjjis  jfuaiU  ^bj^iii  Jjbuib  jiiii  j^iVujjj  ,сЛ£Л*л  JiJj  ^jc-  ji  ^  jjuUUii  cjiiuja 
.jixuiii  j  LjjbJi  jia  Ajjbvi  ^i jii  ji axj  (_jj£jj  ^ ijjj jiisii  Jxjj  ?  ^jj-  uiisii  Jjjjis j 


2-4-2  some  of  calcium  compounds: 

1-  Calcium  Hydroxide  Ca  (ОН)г 


?JJ'  <ijlu£jj>  (jiaau 

^ jjujiisii  jjjjjS jjjja 


It  is  prepared  by  adding  water  to  calcium  oxide  CaO  (quick  lime).  This  process 
is  called  (hydrating  lime)  which  results  in  calcium  hydroxide  which  is  known 
sometimes  as  "Hydrated  Lime". 

jjaJl  ^ШаЬ  (_fljxj  Ajlafr  (^ji  (^fcil  jjfcil  jl  ojjjj))^jjj jjil£j|  JjuiSjI  ^21  f.Uil  Я£1иаЬ  jUaxj 
.lilajil  jjaJb  UUxl  (_flj*J  (J jil  ^jjujilii)  JjauSjjJjA  ^jifr  (jjuaaJl  ^)  (jJjj  ^lj 

CaO  +  H20  Ca  (OH)2 

Pure  calcium  hydroxide  solutions  is  called  "pure  lime  water"  as  in  the 
following  equation. 

.AijlfcjiU  Aiuai  U£  (jji£il  ^Uu  ^luail  ^ jjujiUil  JjuiSjjJjA  Jjiauj  Jj 

When  exposed  to  carbon  dioxide,  C02,  lime  water  becomes  impure  because 
of  calcium  carbonates  as  in 

.((jiajjl  (-luil j)  ^jJujJUil  UiUjjjI£  jj£j  tjjuij  ojSfci  iafcbU  4j2c-  C02  j^  ^ 
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Ca  (0H)2  + 

Solution 
(Lime  water) 


C02 


—>  СаСОз  + 
Calcium  Carbonates 
(White  precipitate) 


H20 


Turbid  solution 


2-  Calcium  Sulfates: 


jSfr  J jlau» 

л  -tl<U  uUu  u£ 


Calcium  sulfates  occur  in  the  form  of  plaster  CaS04.2H20  whereby  two 
molecules  of  water  (crystallization  water)  combine  with  sold  calcium  sulfates. 
When  heating  gradually  removes  crystallization  water,  plaster  turns  into 
"Paris  plaster"  (CaS04)2.H20.  Paris  plaster  is  used  in  building,  statue  making 
and  casting. 


Q/definition  plaster? 

A/  its  calcium  sulfates  with  two  molecules  of  water  CaS04.2H20 

fb»  (jA  Ajiuall  CjIjjjjS  £A  Ljjjj  dija.  CaS04.2H20 

AjjAfr  J-AtJjjJ  .  (CaS04)2.H20  LH*  <^'  LHf^'  Jj^  <^J-^'  LfcP^4  JJ^'  *Ь» 

.(uiuall)  (jk  (illjSj  JjjUjII  j  ^UJI  ^  (o-JjW  o***)  O-rfjW 

Q  /  what  are  the  uses  of  Gypsum  Paris? 

A/l-in  buildings. 

2-  Statue  making. 

3-  In  casting. 

Q /  how  can  prepare  Paris  plaster? 

A  /  when  heating  normal  plaster  (CaS04).2H20  gradually  removes 
crystallization  water  turns  into  "Paris  plaster"  (CaS04)2.H20. 
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f  'N 

Chapter  Questions 

Ч  _ I _ v 


2.1  choose  from  the  brackets  to  complete  the  scientific  meaning  in  the 
followings: 

1-  Which  one  is  the  first  group  element? 

a)  Helium  b)  Radium  c)  Sodium  d)  Baron 

A/c)  Sodium 

2-  Why  potassium  is  more  active  element  than  lithium? 

a-  Its  atom  has  two  valence  electron.  b-  Its  atomic  radius  bigger. 
c-  Its  atom  don't  have  valence  electron. 

A/b 

3-  What  is  the  oxidation  number  of  Magnesium  element  in  its  compound? 
A/+2 

4-  If  lithium  atom  loses  its  equivalence  electron  it  convert  to 

a)  Single  positive  charge  ion  b)  negative  charge  ion 

c)  di  positive  charge  ion  d)  di  negative  charge  ion. 

^l  Jjajj  f j/nlll  ojj  Cjjli  |j| 

ulL  <jjj|  |u  ,jaSI  A  uil)  (g  JL^I  (jjjl  (I 

.lJLu  ДКмЛ|  <jjUj  (jjj|  (J  <-*?.J-»  Ajauiil  ^Uj  (jjjl  (£ 
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2^2 

1-  What  is  the  difference  between  normal  plaster  and  Paris  plaster? 


O^'j  oyj^  <jj^'  !-» 


Normal  Plaster 

Paris  Plaster 

1)  CaS04.2H20 

Two  molecules  of  water  combine  with 

Calcium  sulfates. 

2)  when  heating  remove 
crystallization  water  turns  into  Paris 
plaster 

1)  (CaS04)2.  H20 

One  molecules  of  water  combine 

with  Calcium  sulfates. 

2)  It  acquires  water  crystallization 
turns  into  normal  plaster. 

2-  Why  sodium  chloride  is  important  for  industry? 

A  /  1)  it  is  used  in  the  preparation  of  sodium  carbonates  (wishing  soda). 

2)  It  is  used  in  the  preparation  of  sodium  hydroxide  is  used  in  production 
of  soap,  paper. 

3)  It  is  used  in  the  preparation  of  chloride  gas. 

4)  It  is  used  in  the  preparation  of  consumable  food. 

5)  It  is  used  in  leather  tanning,  production  of  ice  for  cooling  and  painting 
adhesives. 

3-  Barium  has  more  metallic  properties  than  beryllium.  Why? 

A  /  because  of  its  large  atomic  volume. 


2.3  -  explain  the  reason  of  following: 

1)  Aluminum  13AI  is  not  found  in  (IA)  group. 

A  /  because  the  outer  shells  have  three  electrons. 
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2)  Sodium  is  stored  in  petroleum. 

A  /  because  its  high  reactivity  and  it  does  not  react  with  benzene,  kerosene  it 
burns  when  exposed  to  air. 

ш?\ ‘Luayu  jj&  JjlLuij  Ьа*Л1  ^  J&lijjV  j^2  Ajjjlxfl  SjJj  l-ujuj 

3)  (IA)  group  called  alkaline  metal. 

A  /  because  their  solutions  are  highly  basic. 

4)  Sliced  sodium  loses  its  shining  after  some  time. 

A  /  because  it  directly  combines  with  oxygen  and  the  piece  gets  a  white 
cover. 

5)  Put  the  elements  Lithium,  sodium  and  potassium  within  the  same  group, 
although  different  in  the  atomic  number? 

A  /  because  the  outer  shells  of  all  elements  in  group  IA  have  one  electron. 


2.4  Explain 

1-  Calcium  loses  two  electron  easily? 

A  /  because  they  are  easily  oxidized.  Calcium  has  large  volume  and  that 
reduce  attraction  energy  of  its  nucleus  electrons. 

2-  When  granules  NaOH  are  left  in  wet  atmosphere  they  first  fade  and  then 
form  a  hard  shell? 

A  /  because  the  hydrate  layer  of  sodium  hydroxide  react  with  carbon  dioxide 
in  air  to  form  a  layer  of  sodium  carbonates  №2СОз  which  is  insoluble  in 
concentered  NaOH  solution. 


2NaOH  +  C02 


Na2C03  +H20 
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2.5  What  is  the  difference  between  pure  salt  and  impure  salt? 


pure  salt 

impure  salt 

1)  Does  not  absorb  water  from  air. 

2)  Does  not  hydrate  substance. 

3)  It  is  not  contains  impurities  of 
calcium  chloride  or  magnesium 

chloride. 

1)  Does  absorb  water  from  air. 

2)  Does  hydrate  substance. 

3)  It  contains  impurities  of  calcium 
chloride  or  magnesium  chloride  or 

both. 
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/■  \ 

rbflpter? 

V _ _ _ ) 


Group  IIIA  Elements 


At  the  end  of  this  chapter,  the  studying  is  able  to: 

1- Identify  the  names  and  symbols  of  group  III  elements. 

2- Know  the  general  features  of  group  III  elements 

3- compare  between  the  effectiveness  of  group  III  elements  and  that  of  their 
isotopes  of  group  II  elements. 

4- know  that  aluminum  does  not  exist  as  a  free  element  in  nature 

5- Identify  the  atomic  symbol  and  number  and  the  mass  number  of  aluminum. 

6- Recognize  the  physical  importance  and  benefits  of  aluminum  compared  to  iron. 

7- recover_  practically_the  aluminum  ion  in  the  aqueous  solution  of  its  compounds. 

8-  Identify  some  aluminum  compounds. 

^lc  I jjli  Juaijl  lU  *LujI jj  ja  f 

C)jajl\  J«aljfr  JJJJJJ  fLujl  Jb  (_flj*jj-l 

.ДЛ11111  Sjj>  jJI  j^aUxl  Д-abdl  CjlLuail  JJxj  -2 
.AjjlUl  о jj»jj|  ji^LIc-  UjiUaj  4jjljj|  SjaJjl  jualic  Ajjbii  jjj  jjlflj-3 

.AajJajl  J  |jx  AxjjV  ^jjIUVI  juajfr  jl  <*$ij-4 
.^a jjjjJyi  juajxj  4jj£j|  JJC  j  (j jJj|  jj*j) j  Jjjj)  t_fl jsuj-5 
.  JjJaJ)  AjjjUa  J  4  *<  gj  La  AjjLjjfljl  ^ jjjjjVI  JjI  jij  AjjAI  (jjjJj-6 

.4jL£jjj  4jjl_aj)  JjjU_aj)  J  ^ jjjjjV)  jjj)  jC  Ljjfr  (_Lui£j-7 

^jj^jVI  LjLSjj  (jImj  ^  (— fljxJJ-8 
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Ce  Pr  Nd  Pm  Sm  Eu  Gd  Tb  Dy  Ho  Er  Tm  Yb  Lu 


3-1  Group  IIIA  elements: 


The  main  reason  behind  putting  the  elements  of  group  IIIA  in  one  group  is 
the  same  reason  that  we  had  in  groups  IA  and  IIA.  The  reason  is  that  the 
outer  shell  in  ЗА  group  atoms  contains  same  number  of  electrons  despite 
they  are  different  in  their  atomic  number.  The  elements  of  this  group  are: 

Boron(B),  Aluminum(AL),  Gallium(Ga),  Indium(In),  thallium(Tl),  as 
illustrated  in  the  following  periodic  table. 


Boron 

Aluminum 

Gallium 

Indium 

Thallium 


Metalloid 


Metal 


■  Л  ja  jill  J^bUl  j&>  aJ^lj  А&^,ал,а  Sj^  jj|  o ЛЬ  Ufr  j  ,J&  <_uuJl  jji 

4ibUil  <liUjjj£j|  dibU  (jte-  l^ljii  ^jlaJl  tiblxSl  f  IjJxl  jAj  AjjUIIj  ^jVI  oUj^jjl 

^jjjjVl  ,  (Ga)  ^jUUjl  ,  (AL)j»jU-UVl  ,  (B)  OjjjUI  Sjj>jj)  SJa  juaUej  Ajjjjl  JlJfrSfU 

.  <3 JjAjj  Jj-b^t  Sj-ejj)  JluJI  ^UajJJ  ,  (Tl)fjUUjlj  ,  (In) 
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3-  2  General 

properties  of  group  IIIA  Elements. 


characteristic 


,*ж>1\  s ja$ i  uxi  Д-eUii  cjiiuaii 


1- the  elements  of  this  group  are  metals  except  Boron  which  is  metalloid. 

.  4ши  j$a  jjjjUt  Uit  jJfl  Sj^jJ'  j^Ufr  -1 

2- The  ionization  energy  of  these  elements  is  less  than  the  ionization 
energy  of  group  IIA  elements.  The  main  reason  for  this  is  that  the 
elements  of  this  group  contain  one  electron  in  the  secondary  shell  (P) 
following  a  saturated  secondary  shell  (whether  [S  or  P].  the  outer  shell 
of  group  IIA  elements  on  the  other  hand,  is  the  saturated  secondary 
shell  (ns2).  The  increase  in  the  atomic  number  of  the  elements  of  this 
group  (up  to  bottom)  generally  results  in  a  decrease  in  the  ionization 
energy  of  their  atoms  because  of  magnitude  of  their  atomic  masses. 


J jaj  jA  ^иш jl)  ш  al! j  4шй1)  a  ju>  jj)  ji^Uc-  jjU  4jUa  ju>  JS)  j-dUx!)  a  jjU  4jUa  -2 

j^aUfr  ULj  .  (P  or  S)  csjJIjJ'  c-abUU!  (P)  csjJUJ)  (-i5!x!)  ^  Jx)j  jjjjSJi 

^^Jc-V'  jj>)a jj>  jj)  alit)  j-aUxj  jjjj)  jjxj)  jUjjU  (ns2  )  jJpU>  j  jjU  ЦЛ  ДшШ)  S  jo  jj) 

.Ajjil)  Ц  **!*<<  <  jm  iu  (jjUj)  4Jliaj)  JSj  ( JLuiVI  ^j) 


3- considering  valence  electrons  of  this  group  elements,  it  is  expected 
that  the  oxidation  number  of  these  atoms  is  (+3).  However,  they  tend 
actually  to  form  covalent  bonds. 

J)  4ilUaVU  (+3)  Uui£Uj|  4JU  jU  jjj  a  je  jj)  a juaUxj  jil£U)  UjUjjj^JV  jjajjU  -3 

,4jaAIuij  bj)jj  jJj^j  ^)  1$J!Uj> 

4- The  oxides  and  hydroxides  of  the  elements  of  this  group  are 
characterized  with  an  increase  in  the  alkaline  characteristic  and  a 
decrease  the  acidic  characteristics  thus  the  aqueous  solutions  of  boron 
oxides  are  acidic,  the  aluminum  oxides  are  amphoteric. 

jtuaiij  4jjfrl*j)  4iuaj|  aJU  jj  4Cju>^aJ|  a  44  juaUc-  ш) Juui£ j j4j4 j  4uu<1£)  j^l ji  jj  aTi  -4 
UUjj?4jUaj>lA  jjjjjj)  JjuilSV  4_uU>j)  Jjjb-U)  4xj  Uux  .  j  ji5l  44*j)  Jl  j  U>i£  4uuaj>LaJl  4iuaJ) 

.4jjjj jL>)  ^jjIUV)  JjjulSi  jj£j 
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3-3  Aluminum 
Chemical  symbol:  А1 
Atomic  number:  13 
Mass  number:  27 


Electron  configuration  of  Aluminum 

3-3-1  Occurrence:  ^  »A»»J 

Aluminum  metal  is  too  reactive  chemically  to  occur  natively.  Instead  it  is 
found  combined  in  a  great  number  of  different  compounds.  Aluminum  is 
the  most  abundant  metal  in  the  earths.  It  makes  up  about  8%  by  weight  of 
the  earth’s  solid  surface.  The  row  material  of  aluminum  is  bauxite 
АЬОз  .2H2O  (aqueous  aluminum  oxide). 

And  it  the  main  source  of  the  aluminum  extraction  cryolite  (NaaAlIv,)  is  a 
fluoride  of  sodium  and  aluminum  (sodium  hexafluoride  aluminum)  and  it 
is  one  of  the  most  important  sources  used  in  extraction  of  aluminum 


Shell  symbol 

Shell  number 

Number  of  electron 

K 

1 

2 

L 

2 

8 

M 

3 

3 
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ljI  jliil  (j^a  4JV  4juj]ail  ^  Ija  ^jjIUV'  4^jjV 

ljLuaj|  lj) jlijl  ^uijl  ^ jjLJVI  .  4£> jHa  CjL£jj3  j^UxJI  jj»  9JJ&  I JaUa  .ia. jj  j^2 

Jj*Aj»  jA  j  АЬОз .  H  ^OUjjLjiSjJl  jjj*j.4jJajSfl  Sj^l  jji-ua  jj>  .O^J^'  »J^' 

jj»  Jjjjli  jAj  (Na3  А1Ғб)  ljjVjjjU'  jf^  '-^  <»  jjja&'  ^Ljj'  ^LSJl  ^jLUI  ^jjIUVI 

jjIUVI  £) j4-',  ,.l  41ахЛимЛ  4  jg  a'l  jJLaUI  jj  ^ jjIUVIj  ^ jjJjj^I 


Q/  what  are  the  ores  of  aluminum? 

A  1-  Bauxite  (АЬОз.  2ШО)  aqueous  aluminum  oxide 
2-  Cryolite  (Na3  .А1Ғб)  fluoride  of  sodium  and  aluminum 


Boron  (B) 


Aluminum  (Al) 


Gallium  (Ga) 


Indium  (In) 
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of  Aluminum: 


Graphite 

anode 


Molten  mixture 
of  A1203  and 
Na3AlF6 


I - Graphite-lined 

tank  (cathode) 


Bubbles  of  C02 


А1  (/) 

Figure  3-2  Hall  cell  which  is  used  to  obtain  aluminum. 

There  are  many  processes  for  extracting  aluminum  from  its  compounds. 
The  (Hall  process)  is  the  major  industrial  process  for  aluminum  extraction 
in  the  present  time.  It  is  best  and  reliable  process  and  is  widely  used  in 
industry.  It  involves  electrolyzing  pure  alumina  (АЬОз)  in  molten  cryolite 
bath  at  a  temperature  of  (1000  C)  by  using  carbon  electrodes.  Alumina 
(АЬОз)  does  not  occur  naturally.  It  occur  naturally  with  other  impurities  of 
iron  and  others.  The  ore  of  bauxite  (АЬОз.2НгО)  is  chemically  purified  to 
exclude  impurities  to  obtain  pure  aluminum  oxide  (АЬОз)  aluminum  which 
has  a  high  melting  point  and  being  melting  in  molten  cryolite  .  The  molten 
cryolite  decreases  the  melting  point  of  alumina.  The  molten  then  is  poured 
in  an  electrolytic  cell.  As  the  current  passes  through  aluminum 
accumulates  at  the  bottom  of  the  cell.  Then  the  molten  aluminum  is  pulled 
gradually. 

'  j  uiV  jUaLaJl  J  JjA  Aijjb  jjjju, j  /ja  ^ jjlaiSfl  (jdb&lubU  й JjJC  tilU A 

Цм jibU  ^jLj^ill  Jjlaall  Jc  Aljjlall  й  ад  1ал jj  #  £ui! j  J£jjj  J  <JajlLuij  jlua.  j 

(1000  C)  (Na3AlF6)^Vjjj^l  j^  fUa.  J  (А12Оз) 

'"J  -  -X jjj|  Jb  .  » Jjfr j  JjJaJI  (jjs  i_u! juj  fla  ,(jjjj£  uliadl  jLaxluibj 
(j^lj  (LUjlSfl)  fjjlUV)  LiuiSj!  Jc.  Jjjjaail  (_L)j*il)  jj»  UjLiajS 

Jc.  Jj»*j  (J Л)  (J Л|  LuVjJjil)  j$  loIa  J  i_j)jjj  ^ 

■Ufrj  AjjLj^i  JjIaj  AjII  J  j3**VuII  JjjajJ  .LkejlSf)  jt^j-ajj  AajJ  jjaii 

AjIaJ!  Jiui)  j^jjaie  Jiui  Jc  fjjlUSf)  £j»ajj  ^Lj^il)  jLjI)  jIjj») 

jJj  L  0 

•  ♦  JV  ♦  JV 
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3-3-3  properties  of  aluminum:  o*a)ja. 

1- physical  properties: 

Aluminum  is  a  fine  silvery  metal  with  a  remarkable  low  density  and  is  a 
good  conductor  for  heat  and  electricity. 

f j  SjljaJJ  ijjJ)  Jj^  4Jb) j  4ilj£  jJ  Jji  jifi  ^ .jjIaISTI 

2- chemical  properties:  oaljaJI 

A-it  has  been  mentioned  earlier  that  the  surface  aluminum  oxidizes  when 
exposed  to  air,  aluminum  is  then  covered  with  a  thin  layer  of  its  oxide 
which  sticks  firmly  to  its  surface  and  prevents  further  oxidation.  This  thin 
layer  gives  aluminum  the  ability  to  resist  corrosion.  This  does  not  happen 
in  iron. 

jjUSh  цл 4а1хш  AujSLjj  f  Ij^ii  ^ jjUVl  (jiajjuj  4JI  IAjLui  lij£j  -j 

jijjuii  (У*  jiiii  (^SjU  i ja j  . jiiii  ^kuu  jUajiVi  jj+w  ^ lii  jjuiSji  y  \л*.  4iJaj 

.jj±Ji  jj^ifr  (jk  cjj^j  u  jjc,  i  j  .jsui) 

B-Aluminum  powder  burns  vigorously  with  a  bright  flame.  Releasing 
great  energy.  The  reaction  occur  according  to  the  following  equation: 

4А1  +  ЗО2  -+  2АЬОз  +  Energy 

.  Auilfr  Ajatla  ^aLui  vi^ijj  S+mj  ^ jjIa&I  Jjauju»  Jjiau  -<_j 
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C-Aluminum  is  a  reducing  agent: 

Q/  explain  with  experiment  that  aluminum  reducing  agent? 

Put  a  mixture  of  aluminum  powder  and  iron  III  oxide  ҒегОз  in  a  crucible 
with  some  sand.  Also  put  a  tap  of  magnesium  of  an  appropriate  length  in 
the  container  and  light  the  end  of  the  tap. 

And  keep  a  distance  from  the  container  not  less  than  three  meter  .Try  to 
notice  the  reaction  between  the  aluminum  powder  and  iron  III  oxide,  the 
reaction  is  so  vigorous  with  a  great  amount  of  heat,  shiny  flame  and  a  lot  of 
sparks.  The  reaction  results  in  molten  iron  as  the  aluminum  reduces  iron 
(III)  oxide  and  releases  molten  iron  due  to  excessive  heat.  This  reaction  is 
called  (Thermite  reaction)  as  in  following  formula: 

Q/  write  balance  equation  of  thermite  reaction? 

А1  +  ҒегОз  — >  АЬОз  +  2Fe  +  high  temperature 

This  reaction  is  used  in  welding  steel  machine  and  railway  bars.  Aluminum 
is  so  used  to  extract  some  metals  from  their  ores  which  exist  in  the  form  of 
oxides  relying  on  its  reduction  potential. 

J*j  f. lc  J  Cjjjj  (fe203)  III  J  Jjjaojj  bjik  £-iajj 

jC-  JSj  V  Aitujj  JbujV'  iajjuJ'  Ajlgi  Jjja j j  l-uuUj  JjJaj  ^jJuiLaj'  jj  Jajjjj  ljjjj  ^j. 
4лд&  Cjlxjjb  Ljaujaj  )Jj+ui  bi&lij  JJJ  jj-laJt  +uj£j.  ^ jjIUV'  ; " л  J&lij  Aia^btaj  jULai 

Aajjj  .JjJai'  j^-uaL»  Jfrlijj'  ' i*  jfr  £JJJj  .JJ^  jibj  ^sLa  L-i^ij  Sj'jai'  SjjjS 

'JA  t^Auuj  .AJbd'  Sj'jai'  J*ij  j^jjaj'  ^  jj'  JjJai'  jjjajj  HlJjJai'  JjluSj'  J'Jj^U  ^jjj-USf' 
AjjjJ^it  Sj$A.V'  jxai  Cjjjjjj'  Jfrlij  jj»  jliluu  .AjjUui'  ^uia j-j  La£  jjjjjjj'  Jfrtijj  Jfrtijj' 

1  ^ ^  jj  uj' jiij'  jiaxj  ^jjjjiSf'  “<  La£  . jjj^i'  <*'<.  ,.tt  jUUaij  Sjjj£j' 

V  jji-a  btdlc-  4ij£  'jLUc '  Jjuil£l  AjjA  S  jj^jji' 

Q/  Definition  Thermite  reaction? 

A  /  its  reaction  between  aluminum  powder  and  iron  (III)  oxide  the  reaction 
is  so  vigorous  with  a  great  amount  of  heat,  shiny  flame  and  a  lot  of  sparks 
and  it  results  from  reaction  molten  iron  due  to  excessive  heat 
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Q/  what  are  the  uses  of  Thermite  reaction? 

A/  1-  in  welding  steel  machine. 

2-  in  welding  railway  bars. 

d-  Reaction  of  aluminum  with  acids  and  bases: 

.  j£,)j£3| J  (jjajlj^Jl  ^JjSaSVI  (J&lij 

Aluminum  reacts  with  dilute  hydrochloric  acid  easily  to  produce  hydrogen 
gas  and  aluminum  chloride  component: 

Q/  write  balance  equation  of  react  aluminum  with  dilute  hydro  chloric  acid? 

2A1  +  6HC1  ->  2А1С1з  +  3H2 

Aluminum  dose  not  react  with  both  concentrated  and  dilute  nitric  acidic 
continually.  Because  aluminum  oxide  (АЬОз)  forms  a  layer  which  isolates 
the  acid  from  the  metal.  Therefor  the  reaction  stops.  This  property  helps  to 
use  Aluminum  containers  for  storing  nitric  acid.  Aluminum  reacts  with 
basic  solutions  like  sodium  hydroxide  or  potassium  hydroxide  to  release 
hydrogen  gas  and  aluminum  salt. 

This  behavior  is  called  amphoteric  behavior. 


JjjjIS  Ujlej  jJ+JJ+4^'  jlfr  Ijjaj»  4Jj£u»j  t  flfoall  (iLjjlSjjJj^Jl  jAeU  £a  ^  jjIaSVI  Jfrlila 

(jA  4£jL  jj£j  ljm  j£jaS|j  ‘  aa-v^U  liLjSlS)  £>a  ^  ^ ijjlUVI  Jfrlij  jjUjjuV J  .^jjlUSf I 

4jualiJI  йЛА  j л  Jliluijj  .JfrlijSl  lil Ijjjfl  jliil  jfr  (jia л\  ь "  J jau  ^^jJI  ^jjIUS?)  Jjui£I 
JjuiSjjJjA  Jjj  Jfrl jiSI  Jjtl-ч  ^jjjjJVI  JfrlijJ  jjlUSfl  jj  ^jjljl  AJlj j  dLjllSl  ,jJajla. 

juajfr  ji  sblfri  jj  gjjjuu  ^jjIUVI  ^Ijj  jj^jjJj^Sl  jlfr  Ijjau»  *IaJ)  ^  ^jjuiUjjJ)  ji  ^jjJjuaJl 
djiujl  IJA  ^auijj  jJjjbJl  jja.jjJj$Jt  jlfr  £jjjj  JfrljiSlj  (jjaljail  £a  Jfrlil»  jjIaJSH 

.  jjjj jIaVI  <jj jSjjSIj 
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Q/  define  amphoteric  behavior? 

A/  its  reaction  of  aluminum  with  acids  and  bases  to  release 
hydrogen  gas  in  both  cases  and  aluminum  salts. 


Q/  Give  the  reason: 

Use  aluminum  containers  for  strong  nitric  acid? 

A  /  because  aluminum  does  not  reacts  with  concentrated  and  dilute  nitric 
acid.  Because  aluminum  oxide  (A1203)  forms  a  layer  which  isolate  the  acid 
from  the  metal  therefore  the  reaction  stops. 


3-3-4  Uses  of  Aluminum: 


л1л-у-ч  „1 


Aluminum  and  its  alloy  have  a  very  high  mass,  and  when 
exposed  to  air  ,  it  forms  a  thin  but  firm  layer  of 
aluminum  oxide  which  stick  the  metal  and  protects  it 
from  oxidation,  therefor,  aluminum  is  a  metal  with  (Self 
Protection  )  against  erosion  this  is  not  the  case  with  iron 
why  ? 

Because  the  thin  layer  of  iron  oxide  (erosion)  is  very  thin 
and  humidity  penetrate  the  metal  therefor  the  erosion 
continues.  Aluminum  can  be  used  in  electrical  wires 
whereby  its  connectivity  is  twice  as  much  of  that  of 
copper,  considering  the  mass  of  both  elements,  therefor, 
the  diameter  of  aluminum  wires  is  larger  than  that  of 
copper.  However  aluminum  is  used  in  electrical  wires  in 
on  a  limited  level  because  is  expands  and  shrinks  39  % 
more  than  copper  when  exposed  to  the  same  heat. 
Recently  thin  layer  of  aluminum  are  used  to  foods, 
medications  and  other  household  appliances  as  well  as 
various  shapes  and  sizes  of  cans.  Thin  aluminum  alloys 
are  used  to  make  kitchen,  utensils,  plates,  chairs  and 
many  other  products.  In  Iraq  Aluminum  alloy  locally  is 
known  as  (Fafon)  is  found  in  every  house  in  Iraq. 

4  84 k 


07704370050  ckk 


07706236700  /  cJdL 


(DDocBomQsOo^ 


&w*£J  i 

^  <50  <>0 


JL* ^Jlil  <£Jl_lM 


Aluminum  alloys  are  also  used  to  make  cans  and  containers  to  preserve 
liquids  at  a  very  low  temperature  as  oxygen,  argon  and  nitrogen  ...  etc.  this 
is  because  of  the  fact  that  the  lower  temperature  the  harder  aluminum 
gates.  As  for  the  element  mixed  with  aluminum  in  making  alloys,  they  are 
lead,  copper,  zinc  and  magnesium. 


AjLL  ^lj^U  AjSayu  U £■  j  llx  4jll£  4H&3I  4jui1  (jl  A£Jlxui j  ^ JUaj 

Jlijl  ^l  Jjufljjl  (jA  f. Ij^Jl  AjuLj  ^JauiJl  (jls-  eduu  Jjw^jJj  lla,  S jIuu  ^ ijjleiVl  Jxuj£jI  £ja  4JjSj 
?l jbsl j  Jj  j^ll  Cila-iV  1-4  liA j  .jSUjl  ju»  4-mij  цА j  Jjfl  ^jjlAjVl  jjSj  «Ijjjjj  >lui£Ujl  ufl£ ijjj3 

juauuil ijVl  )  ^l j$U  JIaaII  “4*4  4J jg j. jij  Uufljj  4-иЛ  (ll*^ll)  4J ijHUl  JjlaJl  JuuiJ j|  4ljja  jV 

ji  4jjUj££JI  tJ^LuiVI  AfLlua  ^jjjUVl  JLaxIui)  jLu  .j£Ljjb  Ц1х£  jIjaLuiL  (  4ujjajj|j 

|JAj  jjju^jxj)  jjj  4jj£j|  juij  Uill  lil  .(jjl^jj)  Jjj^jj  '  Д»  ■  jjluu  fUj$£ll  fjUUVI  Jj-ajj 
O-Ujjl  jjj  39%  *U*h1j  1  ji  UJjU  jjJI  ^jjjjJVI  j-4  4x.  jjjJl  tJ^LuiVI  jja2  ‘  ji  ^ll  j Jjj 
LJU  *_Ual  ijla-4  JjQaj  j^Ua  VI  ^ .jjjjJVl  jj»  4UUj^dll  (ilbLuiVl  j*  ■  au  Vi  .  jjljall  j1a!\  jjiijj 

.  j  jUVl  4ujjjj»il  CjVLdXuuiVI j  jjlluJl j  4jjjV) j  ^lxJaj)  <  4jjflj  ^jLi*^  ^jjIaIVI  j4 

^jLiuajlj  j&V-ajl j  Jjjill j  jVl  4ijiaJ|  4UjUui  xl^al  La£  ^LxxV!  4£. jjlajl  4-Jjxjj|  <*»1  j'a't 

4ijj*j»j|  4£jjui  ja  ujjj  jla-i  V  jljxjl  UlL  ^  jjaV I  UilfrUuajl  ja  jjjUIj 

Jja  .) la.  4-JaiaJ-4  4jjlja  4-ajjj  JjI juJl  laiaj  4u^laJ)  jjUjjij)  4£jUui  ja  ^Uaj  Jjjj£  .( jjilijU) 

UiUaiaJI  LaIS  JUjj  ^ jjIaJVI  SjS  ji  jA  JjJi  ^  Ujj£j  jJAjjjillj  jj^jVlj  jj^'^jVl 

(jjilaiJl j  jaUajjl  diUw  nll  £-Lus  ^ jjjaJVI  <*-a  JaJaj  jUl  juaUxj)  . jL-aj|  jfr  SjljaJl  4ajJ 

.<» jjuuxaIIj  djjJlj 


Q/  what  are  the  uses  of  Aluminum? 

A/  1-  Thin  layer  of  aluminum  are  used  to  foods,  medication 

2-  Other  house  hold  appliance  as  well  as  various  shapes  and  sizes  of 
cans. 

3- aluminum  is  used  in  electrical  wires  in  on  limited  level  because  is 
expands  and  shrinks. 

4- Aluminum  alloys  are  used  to  make  containers  to  preserve  liquids  at  a 
very  low  temperature  such  as  oxygen. 
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Q  /  Give  the  reason? 

Aluminum  alloys  are  used  to  make  containers  to  preserve  liquids  at  a 
very  low  temperature  such  as  oxygen? 

я.ьиин  s jl jaJ!  CjUjJj  Jj) >uJ! ЬЬ. £lue jjIUV!  JLUjj  JU*1u<!  /  Jb 

A  /  because  it’s  that  the  strength  of  the  aluminum  increases  as  the 
temperature  decreases. 

,4uuailUU!  Sjt jai!  jJj  JlJjj  jjjlaiVI  S jS  jV  /  ^ 


3-3-5  Aluminum  Alloys: 

the  most  important  aluminum  alloys  are: 


^ jjUISft  (JjUuj 
^joIUV)  ■■  ^л! 


1- Duralumina  Alloys: 

This  alloys  consists  of  a  high  percentage  of  aluminum  and  a  small 
amount  ratio  of  copper  and  magnesium  it  might  contain  manganese 
as  well  this  alloy  is  light  and  hard  so  it  is  used  for  building  aircraft 
parts. 

Д j  ^jjmi  1*  flttj  juUJl!  jj  4jjja  4auJ j  ^ ijjljiVI  (ja  4.JU  4j*jj  j^>  4£jjuJ|  s jj£jj 
.UljjUalt  f !  j^!  jjaau  f  Uj  JaxIuJj  L^jj^Luaj  ЦЛйаи  jLLj j  LJaj!  jjj^LU!  ^Jc-  j  jjaj 

2-  Aluminum  Bronze  Alloy:  f 

This  alloy  consists  of  a  small  percentage  of  aluminum  and  a  high 
ratio  of  copper  and  other  metals  sometimes.  It  is  characterized  by 
resistance  to  erosion.  Its  color  changes  according  to  the  colors  of  its 
component  parts.  Ranging  from  copper  color  to  gold  color  and  silver 
color.  Therefor  it  is  used  to  make  decoration  materials. 


dljlfl  UU^ij  (jjbJl!  j j  4juJj  ^ jjIUV!  jj  Ajjlfl  4juJ  jj  4£jjuJl  si&  jj£jj 

l^lUjle  i_iuJ  jj*jj  4£jjuJ!  jjl  jj*jjj  jlUl!  fjtiJ  Lfi!  4£jjuJ!  ai*  jiatji  jjj  .<jji! 
4jualU!  s  JA  j д  Jliluij  Jlijj  ....  4jJai5l  jjl  ^llj  »-iA ill  jjl  ^l!  jjiLaJil  jjl  ^jJjj  £ил 

,4Jj jJt  Ui! jji  Я&  lluaj 
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Q  /  compare  between  Duralumin  alloy  and  Aluminum  Bronze  alloy? 


Duralumin  alloy 

Bronze  aluminum 

1-  Consist  of  high  percentage  aluminum 
and  a  small  amount  Ratio  of  copper 
and  magnesium,  Manganese. 

1-  Consist  of  a  small  of  aluminum 
and  high  ratio  of  copper  and  other 
metals  sometimes. 

2-  It’s  used  for  high  huilding  aircraft 
Parts.  Because  is  light  and  hard. 

2-it’s  used  to  make  decoration 

materials. 

Because  its  color  change  From 
copper  color  to  gold  color  and  silver 
color. 

3-3-6  Aluminum  Compounds: 

1-  Aluminum  Hydroxide  А1(ОН)з  :  f Jsp^! 

It  is  result  of  a  reaction  between  aluminum  aqueous  solutions  of  aluminum 
salts  like  (Aluminum  sulfate)  Ah(S04)3  with  sodium  or  potassium 
hydroxide  .  Aluminum  hydroxide  is  a  white  gelatin  material  insoluble  in 
water. 

.  ^ jjJj<-aJl  ji  ^ jjjduljjJi  Jj*j£jjJjA  fLA  ^ jjLJVI  ^bbi  i^V  jjt-v  лИ  jclij  (jjj  jJaa-a 

,f LJl  J  (_i jjj  V  f-1  Jsjj  Aqjjjjbai  SjLj  ^jjUVI  Jj*j£jjJjA j 

2-  Aluminum  Oxide  АЬОз  <*ah*&!  АнА$! 

Results  from  excessive  heating  of  aluminum  hydroxide  as  in  the 
following  formula: 

,  ^ Qjiuuj]!  ^  ^ ijjIaIVI  jl 

2А1(ОН)з  ^  А120з  +  ЗН20 
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3-  Alum  ч4^ 

When  two  equal  amounts  of  aqueous  aluminum  sulfate  and 
potassium  sulfate  are  mixed  and  allow  the  mixture  so  that  water 
evaporates,  the  result  would  be  salt  crystals  containing  aluminum 
sulfate  and  potassium  sulfate  along  with  crystallized  water  molecules 
in  a  fixed  mass  ratio.  The  general  formula  for  alum  is 
KA1(S04)2.12H20  it  is  also  called  ( potassium  alum )  normal  alum  has 
many  uses  as  a  sterile  minor  cuts.  Whereby  it  helps  blood  to  clot 
easily  because  it  dissolves  in  water  and  deposits  on  the  wound  and 
stops  blood  so  it  clot.  It  is  also  used  to  make  dye  permanent  on 
textiles  and  in  purifying  drinking  water. 

AjjLaII  ^JjAjljJjjl  LjIjJ J  ^Jjjjjyi  CjljJJjS  fjL jL  A  jjJ  jjj2l£jJj  jjJjl^Sj»  ^  jjJ 

^ jjuUjjII  (IiUjjjSj  ^jjUVI  ^LLjj£  jjj  ^Lj  CjIjjL  Jj-aaJ  .j^jjjJ  Jjla^il  djjj 

Ua1\  4*j*^I.4jjL  AjL£  V-L  jjLjII  U(jj>j(KA1(S04)2.12H20) 

Г. jj^ll  ^jjbull  Ц_1«  Sjjsuj  u5Uj  jJbjfrVI  ujjII  ^jjuAjjjII  i_iui  Ljajl  ^auuj 

<_i*jjjj  f UII  ^  4Jbjj  t-LujJ  ^Ij^ajj  j»4ll  jjaj  (Js.  JfiiLjj  Cjjj.  ЯдЦаЛА1(ОН)з 
Auiuaj  ^ij  AjjjiVl  ^UjaSn  Ujjjj  ^Jajuu  ,  jj£uj2  ^jSI  jbUu  <— afljj  СЦа.  ^ jjaJl 

.<_jj*jI|  SLj 

Q  /  what  are  the  uses  of  Alum? 

A  / 1-  sterile  minor  cuts. 

2-  To  make  dye  permanent  on  textiles. 

3-  Purifying  drinking  water. 

Q  /  explain  the  reason? 

Use  the  Alum  sterile  minor  cuts? 

A/  because  it  helps  to  colt  easily  blood  where  by  it  dissolves  in  water 
and  А1(ОН)з  deposits  on  the  wound  and  stops  blood  so  it  clot. 

3-3-7  Test  of  Aluminum  Ions  in  solutions  of  aluminum 
Compounds: 

AjUSjj»  JjIIa-4  ^  f  jjiA&l  Ojj!  CP  <-Lj£I! 
Aluminum  ions  are  identified  in  its  compounds  by  basic  solution 
such  as  sodium  hydroxide  or  potassium  hydroxide  whereby  they 
react  with  aluminum  ion  А1+3  to  form  a  white  gelatin  deposit  which  is 
aluminum  hydroxide  А1(ОН)з  as  in  the  following  formula: 

А1+3  +3NaOH  -+  А1(ОН)з  +  3Na+ 
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For  example: 

А1С1з  +  3NaOH  -+  А1(ОН)з  +  3NAC1 

This  precipitate  А1(ОН)3  dissolves  when  sodium  hydroxide  NaOH  is 
added  because  dissolved  sodium  aluminate  is  formed,  it  (А1(ОН)з) 
also  dissolves  when  an  acid  is  added  because  of  the  amphoteric 
behavior 

jt  Jie  Ala*u1jj  AjUSjj»  ^  ^jjiaWt  Ojrf'  CP 

jjajjt  <-i*jj1j  Ojj£U  Al3+  ^Jji^VI  jjjl  JIjaJI  а^А  Jfrlijj  Cjjx  ^jjajiUjJI  Jj*j»SjjJjA 
(-iuitjil  )JA  £t  .4JjIxaI)  (jk  jjjajA  jA  U£  А1(ОН)з  ^Jjl^Vt  JjauSjjJjA  jA  (^ЬЗЬЬа. 
jjj^j  шии  NaOH  fJ^J^'  JauiSjjJjA  (JA  JjjjJt  4-Jt  AilJat  «_jjjj  А1(ОН)з 

JjjluJt  '  jy  ia  AJ)  jjaLax  jjaAlx  Aituab  Jllt  j£  l_i jjjj  Ajj)  jj)  ^ ,jjJ juoj)  CjIjja jj) 

.JJJJjAeVt 

Q/How  can  test  (indicate)  of  aluminum  ions  in  solutions  of 
aluminum  compounds? 

A/  by  adding  basic  solution  such  as  sodium  hydroxide  or  potassium 
hydroxide  to  aluminum  ion  А1+3  to  from  a  white  gelatin  deposit  which 
is  aluminum  hydroxide 

А1+3  +  3NaOH  -+  А1(ОН)з  +  3Na+ 

Aluminum  sodium  aluminum 

ion  hydroxide  hydroxide 

(White  gelatin) 
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Chapter  Question 


3-1  which  of  the  following  is  not  found  in  group  IIIA 

JliUl  S J4 JU  w  АШ  V  <jUl  J*AJ*J| 

A)  3iGa  b)  13AI  c)  i2Mg  d)  sB 

A/(C)  >Х 

3-2  Chooses  from  the  bracket  to  complete  the  scientific  mean  in 
the  following  V'VI  Lj|jL*JI  ^  6* 

1-  What  is  the  role  of  Aluminum  for  thermite  reaction? 

a)  Catalysis  b)  reducing  agent  c)  Oxidation  agent 
A  /  (b) 

2-  What  is  the  percentage  of  aluminum  in  aluminum  bronze  alloy? 

A)  High  b)  small  c)  100% 

A  /  (b) 

3-  Gallium  Ga  is  a  member  of  group  (first,  second,  third)? 

A  /  Third 

3-3  completes  the  following  statements 

1-  Aluminum  reacts  with  acids  to  release  hvdrogen  gas,  while  when  reacts 
with  bases  it  release  hydrogen  gas  and  Aluminum  salt  because 
Amphoteric  Behavior. 

2-  The  effect  of  oxygen  in  air  on  Aluminum  don’t  lead  to  corrosion  as  in 

the  case  of  iron  because  of . , . 

LJAuu  Jj^aJl  ЛЛа  (jk  i  ^l  ^ jjiatyl  ^  *ljfll  jj>j^jl  jjjLS 

A  /  It  forms  a  thin  but  firm  layer  of  aluminum  oxide,  which  sticks  to 
the  metal  and  protect  it  from  oxidation. 
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3- Heavy  heating  of  Aluminum  hydroxide  gives . , . 

(Jiaxji  JajiSjjJj^J  JjjJoll  jj^  -  uoil 

A  /  A1203  ,  H20 

4-  Salt  composed  from  potassium  and  Aluminum  element  called 


^jj^UjJI  jA  jjle 


A  /  Alum 


5-the  Aluminum  behavior  when  reacts  with  acids  and  bases  is  called 


A  /  Amphoteric  behavior 


Ъ  _ 


У 


°°«  9 

°«  cf\ 


'Oi ,  COl 
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3-4  explain  the  extraction  of  Aluminum  and  draw  figure. 

A)  The  hall  process  is  the  major  industrial  process  for  aluminum 
extraction  in  the  present  time.  It  involves  electrolyzing  pure 
aluminum  (АЬОз)  in  molten  cryolite  bath  at  a  temperature  of  (1000°c) 
by  using  carbon  electrodes. 


Graphite 

anode 


Molten  mixture 
of  A1203  and 
Na3AlF6 


Graphite-lined 
tank  (cathode) 


Bubbles  of  C02 


Al(/) 


Alumina  (АЬОз)  does  not  occur  naturally,  it  exists  in  ore  of  bauxite 
(AI2O3.2H2O)  with  other  impurities  of  iron  and  others. 

The  bauxite  is  chemically  purified  to  exclude  impurities  to  obtain  pure 
aluminum  oxide  (АЬОз)  (Alumina)  which  has  a  high  meting  point  and 
being  melted  in  molten  cryolite. 

The  molten  cryolite  decreases  the  melting  point  of  alumina.  The  molten 
then  is  poured  in  an  electrolytic  cell  .As  the  current  passes  through, 
aluminum  accumulates  at  the  bottom  of  the  cell  then  the  molten 
aluminum  is  pulled  gradually. 
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3-5  select  from  list  (B)  what  first  each  statement  in  the  (A) 


List  (A) 

List  (B) 

1)  An  element  with  amphoteric  behavior 

l)Thermite 

2)  A  reaction  in  which  Aluminum  reacts  As 

reduced  agent  and  release  high  Heat  energy  that 
dissolves  iron. 

2)Alum 

3)Aluminum  oxide 

3)  Alumina 

4)  Double  salt  of  potassium  sulphate  and  aluminum 

4)  Aluminum 

5)  One  element  of  group  which  is  semi  metal 

5)  Indium 

6)  Boron 

A/ 

1  - ►  4  Aluminum 

2  - ►  1  Thermite 

3  - ►  3  Alumina 

4  - ►  2  Alum 

5  - ►  6  Boron 
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After  reading  this  chapter  ,  students  are  supposed  to  be  able  to: 

1.  Identify  solutions  and  their  nature. 

2.  Distinguish  types  of  solution. 

3.  Understand  solubility  and  factors  affecting. 

4.  Identify  some  expressions  for  concentration,  which  are  ratio  and  volume 
ratio . 


:  (j'  I jUUaSI  (jj£j  J*diSl  I  <Lui) jJ  ja  fl^iSVI  Jxj 

.  3  JUbuUl  Л 

.  JjSUuUI  £l  jSI  (jjj  jjaj  .2 
.  Ц^а  Sjjj^SI  JjIjxSI  j  (jbj jSI  AjLli  .3 

AjjiajaJl  AjuiLI  j  AJj£S|  AjuiLI  jA  j  jj£jjS|  <jfr  jjjUjSI  (jja*j  <-ij*JJ  .4 
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4-1  Introdnclion 

Solution  is  important  in  chemistry  science  with  a  great  extent.  Especially  liquid  solutions 
because  they  are  the  medium  for  chemical  reacting.  Whereby  they  help  to  happen 
interaction  among  reaction  substances. 


4-2  solution 

Q/  Definition  solutions? 


JjWall 


A/  It  is  homogenous  mixtures  composed  of  two  or  more  pure  substance.  Having  no 
chemical  reaction  between  them.  The  substance  with  majority  in  the  solution  is  called  the 
(Solvent)  and  the  material  with  less  existence  in  the  solution  is  called  the  (Solute). 

Solute  +  Solvent  =  Solution 

jAuij  Jjla  Ul  Sj3j j  S JjajAil  3 jUjJ)  .  JcLij '  'j.1  LjJau  V  Jj£)  j)  ^jjjJLa  qa  ijjS-»  (jjJLaJLa  iajlk 

.(ujIJa)  AlL  9 Jja jaJI  {jAjJa  j  (‘.j <л) 


4-2-1  Types  of  iolniions 


£| jj| 


There  are  several  Kinds  of  solutions,  the  most  important  and  most  common  are  liquid 
solutions,  i.e  ....  When  the  Solvent  is  liquid. 

Such  solutions  can  be  prepared  by  dissolving  a  sold  material  in  a  liquid,  as  in  the  case  of 
dissolving  salt  (NaCl)  in  water  to  get  the  saline  solution  or  dissolve  sodium  hydroxide  in 
water  (basic  solution)  or  dissolving  liquid  in  another  liquid  ,  Like  dissolving  alcohol  in 
water  .  A  Gas  can  be  dissolved  in  a  liquid  such  as  dissolving  hydrogen  chloride  (HCL)  in 
water.  The  resulting  solution  is  called  hydrochloric  acid  solution  (acidic  solution). 


HCl 


H20 


-> 


HCl 


Hydrogen  chloride  gas 


Solution  of  Hydrochloride  acid 


9 JA  jjjiaaj  <jLej  j  .  JjLut  ujjJaII  jj£j  Lajjc-  j)  .  4jjLuJl  JJ' a  л"  ^  \£- jjjj  LtjjJI  j  Ig  aftt  £)ji!  9JC-  JJ'-4 
jl  f  j»jjJ ijjjJI  JjjjIS  JjIa  л  Jj^a j ]  p LaJI  цк  (NaCI)  ^LdaJI  ^ia  AjI j|  Jla  JjLua  A-J.ua  9Jb>  AjI  jl_i  JjJLaud! 
JJLua  iji  Jlc-  Aj|j)  jl  f LJI  ^  JjaUll  AjI 3l£  JJLui  JjLui  jl  ( j Jfrli  Jjla. л)  f LaJl  ^jjjjuall  JjuuSjjJjA  AjI j| 

.(t^jjaala  Jjlau»)  4UJ^JJA^'  uja->La  ^jUII  ^juujj  j  f Ldl  (HCl)  uj+JjJj^I  +JJ^  JLc-  AjI jlS 
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There  are  other  type  of  solutions  such  as  dissolving  gas  in  another  gas  like  air  or  a  solid 
solution  in  another  like  various  alloys,  mostly  coins  and  gold  alloys  in  this  chapter  we 
will  only  study  liquid  solutions. 

.(jjaJI  Jia  jl£  ^  jlft  Lfie  <jjil  £ljii  tiSUA 

^l  J^aiil  |  jfc  jjjSali  ui jua  .L_iAil)  (iliUj,  и  j  AaSjxaS)  j jiiSI  Ц  дД)  j  4 iHx  д]|  cLLluJ)  Jla  uLd  ^  uLd  Jj'-4 «  j 

.  bia  ЯИиЛ  JUb-Ul 
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Super  saturated  solution:  when  the  amount  of  the  solute  is  greater  in  any  solution 
that  the  solvent  is  able  to  dissolve  it  under  normal  condition. 

.  AjJbje'iH  <_ejjlai)  (ji  4jj)j)  jA  ‘.‘j  <■»))  jSAj  L®  Jjla-d)  <_ji  <_j)AaM  Aja£  jjj&j  IaJjC  ;£xulaI|  jjjfl  JjI^-aII 


Unsaturated  solution:  is  the  solution  which  contains  less  amount  of  the  solute  that  is 
required  for  saturation  at  a  particular  temperature  and  pressure. 

iaiuJa!)  j  SjljaJl  AajJ  jjfr  Д-aJbUI  AjAfil)  jA  JS)  uiIAa))  jA  AaaS  jjxxl  |j|  ;^Хиьл1)  jjC>  JjW  a\) 

.  jjJJi-UI 


When  the  solute  molecules  ionize  in  the  solution,  it  is  called  electrolytic  solution  the 
solute  can  be  strongly  ionized  when  its  molecules  are  completely  ionized  in  the  solution 
like  hydrochloric  acid  (Figure  4-3) 

/j j2  Cui jjjSI!  jj£j  ji  ujIaaJI  j  ^jjjJ IjjjSWI  JjIa  aJL  JjIa  аД1  lillj  jjc  JjIa  aII  uIjaII  ijUj  ja.  jjUj  LajIc 

(4-3)  jLJuil  .  4jjjK jjJj^J)  jjxoLa.  J1a  Jjla-All  jk  ^U  JSjaj  AjUj jx  jjLu  LajIc 


г 


Figure  4-3 

A  stmng  ciectroiytc  solutc  ionizes 
complctely  in  a  solvcnt. 


r  в 


o  a 


hci— -H'+ei 


HCL 


H+  +  С1 


The  solute  can  be  weak  electrolyte  ,  i.e.  its  molecules  are  partially  ,  moderately  or  slightly 
ionized  like  hydrofluoric  acid. 

(jjauLi,  Jja  tJx  A  Uj .  AajJj  UU&I  j  <LaU  jjft  AajJj  jjLu  AjUjja,  jl  jl  1  йм  <  л  Ljjljjjill  ujIJaII  jj%  JS 

Like  hydrofluoric  acid,  where  by  it  slightly  ionizes  in  the  solvent,  its  ions  are  at 
equilibrium  with  the  non-ionized  molecules  in  the  formula,  HF  H+  +  F' 

Reversed  arrows  indicate  that  the  slightly  ionized  substance  is  at  equilibrium  with  the 
resulting  ions. 

LJUj jall  £a  jjljj  4JLi.  (ji  AjU jjI  jj£j  j  uuIa!)  I  Jx  Aliia  AajJj  ( jjLL)  Ll£jjj  tiLjjiS jjJj^JI  (jjaAlx,  Jja 

.  AjjUa  jjxI) 

.  AajUII  LjU jjVI  jA  jjljj  ДЛд,  (jk  Uj ja,  AjjLLaII  SjLaII  jl  jIxj  A-uiSUjaI)  -д  ■  jVI  AIjUaII  jk 
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Non-electrolytic  solutions:  the  compounds  whose  molecules  don’t  ionize  at  all  such  as 
sugar  or  ethyl  alcohol  in  water. 

jVI  Jj^'  j  jLuJt  J la  Ш1ха  uuIaSI  jjijj  V  l^jUjj^  <^1  ljIjS jjSI  (jA  j  4_mSjjj£i|  jjxII  JjSI  л  oll 


4-3  solubility 

Q  /  define  the  solubility? 


Ajjbjill 


Is  known  as  the  maximum  amount  of  a  solute  which  can  be  dissolved  in  a  given  amount 
of  a  specific  solvent  to  result  in  a  saturated  solution  at  a  given  temperature. 

?  ^jiAjiSl  (-ijfr  /  (jj 

qaa  ui jXa  (j-4  CjjU  ^  ^  l_i jJj  <j!  (jLaj  SjLa2|  4j-a£  jj£I  ЦшЬ  ufljau  Aojbjill 

,*La ijLla  SjIjAi  AajJ 

Solubility  varies  according  to  the  nature  of  the  solute  and  the  solvent,  temperature  and 
pressure. 

.JajLuall  j  SjljaJ!  <ajJ  j  l-uIa]!  j  lj|1a2I  AjujJal  Luj  ^jLjjaSI  AbLli  t  flUVi 
The  factors  that  effected  on  solubility. 


4-3-1  Nature  o£  ilie  solute  and  ilie  solvent: 

When  a  small  amount  of  table  salt  is  added  into  water  in  a  beaker,  the  salt  crystals 
dissolve  slowly  if  the  breaker  is  shaken;  the  salt  crystals  dissolve  more  quickly,  whereby 
the  process  of  shaking  helps  to  contact  the  surface  of  crystals  with  water  even  greater. 
Because  the  process  of  solubility  has  to  do  with  the  surface  which  are  exposed  to 
dissolution  this  is  why  we  stir  tea  with  a  spoon  when  sugar  is  added. 

•  ‘  'Пл11  a  cjIIaII  Ал  u2a 

•  ♦  ♦*  V  ♦  ♦♦♦ 

(JjjJl  ^ j  I j|  j  f Jajj  <L2  uj jj  CjljjLil  (jla  f Ls  <LS  (JjjJ  J  ^Lstbll  ^la  CjIjjL  a  jju<a  Cjuiaj  |j| 

,  jj£I  juo  ^UL  «LIjjIjII  £  i  Jl  ^ jll  <Lie&  j  J jj  il пл  jj£I  At  juu  LjIjjLII  uj jJj  AjLjja  jj 


.  jLuiII  JjLj  Jxj  ALtiaJL  (jLuiII  liLjau  i—LLuJI  |JA  .  ujXuL  jlLuiIL  (jkjj  SjAlIa  jLjjll  A,jL&  jV 


Sugar  powder  dissolves  faster  than  lumps  of  sugar  because  the  surfaces  of  the  powder  is 
greater  than  those  of  the  lumps  of  sugar  therefore,  it  is  concluded  that  the  more  exposed 
the  surface  of  the  solute  in  the  solvent,  the  greater  the  solubility  for  the  solvent. 
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j*  Jj£|  f  Ia1|  CjUjj^  ^LujJ^LU  jj3j3LaJ|  jjJ^ubUl  £  м  jV  jLuJl  Ljl  nj4  (JJ  ^juul  C-J Ijij  jLuill  (Jj^-uua 

#(jbji]|  *£>  juj  CjJlj  t#n1aU  (jbjjLAil  cj|1a1|  f LaII  ^Jouj  JlJjl  LaI£  ^LHL uu  jJl  5  jSuJl  lj!  жл!  ^JauJl 


For  the  solvent  the  nature  of  polarity  determines  its  solubility.  According  to  a  rule  which 
says  like  dissolves  like  i.e.  polar  solvents  dissolve  polar  solutes  and  versa  it  is  worth 
nothing  though  that  in  soluble  substance  ever  dissolves.  No  matter  how  long  they  are  left 
in  the  solution  or  how  hard  they  are  stirred. 

j!  jj2jj  lj j  5j!jV!  AjjLU  JJaj  <jJJl  Ajjbiil  jji  j!  AjjJail!  Ял  ^n,u"  4juU]\j  LaI 

#4^juj  jjjJj  ljjXU! 

ju£*Jl  j  ^  il!  ujI-lU!  ljjJu  j  ll!  ljjJjJI  j!  j! 

,AjJj  JjL  j|  (iLjajJl  S jS  ljjI£  1  a  ljjJj  V  La  ljjIa  ^  jLjiL  4. Lli  jJLSl  SjLLI  j!  4ij*-a  jjjjuail  jj 


4-3-2  Temperature 


SjljaJl  <ajJ 


When  a  spoon  of  sugar  is  added  into  two  glasses  filled  with  liquid,  one  glass  is  filled  with 
a  hot  liquid  and  the  other  is  filled  with  a  cold  liquid.  Sugar  in  the  hot  liquid  dissolves 
faster  than  that  in  the  cold  liquid  because  the  motion  energy  of  the  liquid  molecules 
increases  making  it  more  likely  to  collide  with  surfaces  of  sugar  crystals,  this  is  why  it 

dissolves  quickly. 


: s j! J^l 

jj  aIxIa  LLj!  j  JjL  jaV!  j  j^Lui  LaA^!  JjLuj  jja  AjjLujIa  Aja£  La^jj  j£  j  j ILu  jjLLaIa  jj^ji  L±k!  Ll 

, JjlLl  ^jSI!  ^  ljI^LI  jLuJ!  4jj  ^jajI  S jjuoj  lj jJj  j^luJl  ^jU!  ljIIL!  jLuJ!  j!  ia^bU  LajIa  J£  ^i  jLuJ! 

^.iLuaj  S j£  CjVLu^!  jj  Jjjj  Lla  AjlSjjjL!  Sj!  jaJ!  AajJ  JjC'  jLjj  JjLuJ!  ljLj  jaJ  4j£jaJ!  AiUal!  jl  JLj  l-uuJI  j 

,  <JLjj  juu  ig'Luu^  jluJ!  LjIjjL  j  у  JjLuJI  CjLj 


4-3-3  Pressure 


laLuail  Jjjb 


The  effect  of  pressure  on  solubility  is  best  shown  on  gaseous  materials  whereby  their 
solubility  increases  as  the  pressure  of  gas  on  the  surface  of  the  solution  increases.  For 
example  in  carbonate  beverages,  concentration  of  dissolved  carbon  dioxide  CO2  in  the 
liquid  depends  on  the  pressure  of  CO2  on  the  surface  of  beverage.  When  the  cover  is 
removed,  CO2  pressure  will  decrease  and  making  it  less  soluble,  bubbles  are  formed  and 
move  up  in  the  liquid. 
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jlill  jaJl  Liuail  Jl  j  IaK  L^jjjLjJ  Jbjj  ^LI  AjjUJl  Jl  jaII  <jLjJ  AjLli  ^ j^Ja jj  Jaiuail  jjjIj  Ja^bU  (jl  j)£-oj 
IJjjxj  JjUjII  ^  с^)1д]|  CO2  OJiJ^  -l^£jl  ^jUj  jj£jj  jj£j  AjjUJl  CjLjjJLaII  Улд  JjWjII  ^Saui  jjjS 
AjLIS  JSj  lil  JSj  CO2  -biua  j)li  jJl  f  Uai  Ис-  j  j  jlxJl  lj jjAUI  ^Ja-uu  JaiuuUl  CO2  -biUa  ^J^ 

.j  jliJl  lj jjajaII  ^  2£-Lu2jj  ^jjl)  CO2  jj£L  J  AjIjjJ 


Give  tlie  reason. 

Ql/  We  stirred  tea  with  spoon  when  sugar  is  added  into  water? 

Al/  because  the  process  of  shaking  helps  to  contact  the  surface  of  crystals 
with  water  even  greater. 

Because  the  process  of  solubility  has  to  do  with  the  surface  which  are 
exposed  to  dissolution. 

Q2/  Sugar  powder  dissolves  faster  than  lumps  of  sugar? 

A2/  because  the  powder  surface  exposed  to  water  is  greater  than  the  surface 
of  sugar  lumps. 

Q3/  Sugar  in  the  hot  liquid  dissolves  faster  than  that  in  the  cold  liquid? 

АЗ/  Because  the  motion  energy  of  the  liquid  molecules  increases  making  it 
more  likely  to  collide  with  surfaces  for  sugar  crystals. 

Q4/  Bubbles  are  formed  and  move  up  in  beverages? 

A4/  Because  (CO2)  pressure  will  decrease  and  making  it  less  soluble. 


4-4  Concentration  of  solution 


JjbUl  J j£JS 


It  has  already  been  noted  that  a  solution  consists  of  two  major  parts.  The  solutes  and  the 
solvent.  Solution  vary  in  the  amount  of  the  solute  and  the  solvent.  There  are  ways  to 
express  these  amounts  and  their  relations  to  each  other  this  relation  is  often  referred  to 
Concentration  of  the  solution. 

j  uilxJ)  uLJ  ja  JJIaJ)  ‘  aV'-v".  j  ljjaJ)  j  и)Л  LaA  iiji j  jj| ja  ju  jj£jj  JjlaJl  jl  Uilui)  U 

^SbLJl  # 1л  jfr  jj*j  j  (jjaxjj  ЦиЬви  Ци3^1с  j  cul  j  л*И1  ai&  jc  jjjjlUI  Ци1а> jIjj  jLaj  (Jjb  liJUA  j  .  Цл£  i_ul«JI 

.JjlaU  JjSjjj 
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Concentration  of  the  solution:  it  is  amount  of  solute  in  a  particular  solvent  or 
solution. 

.Jjia-oSt  j)  i—ulaJl  ja  4  nx  a  <Цд£  J  l-iIIaI)  4ja£  4J)  jLaj  j  J  jli-di)  jj£ JJ 

The  Concentration  of  the  solution  can  be  descriptively  expressed  the  terms  dilate  and 
concentrated  are  used  to  describe  concentration  of  the  solution. 

concentrated  j  Dilute  ^Vmj  j  U«£  jl  UUaj  JjU-Ul  Jj£jj  je  jjj*£SI  jlaj 

.JjKaI)  jj£jj 

Dilute  solution:  Solution  with  relatively  small  amount  of  solute. 

.Lj)1aII  jA  Ujj  UJ  4lll2  Aja£  JJJAJ  fj  lll  JjU  д]|  J A  ‘  j&A  *)'  JjIa  д1| 

Concentrated  solution:  Solution  with  large  amount  of  the  solute. 

.C-jIAaII  (JA  jjj^j  jill  Jjb^II  j&  j£ja]|  JjWaII 

A  concentrated  solution  can  be  changed  into  dilute  by  adding  a  large  amount  of  the 
•  solvent. 

.  4j]|  ljjJjaII  ja  jjSI  4ja£  <aLuab  c  JjWj  ^Jl  j£jaJ|  JjWa\I  Jjj^j  <j£aj 


As  high  qualitative  expression,  concentration  of  the  solution  can  be  expressed  in  various 
ways. 

,Ц-а&1  ^Jjljb  Sjsu  JjLuxJI  jj£ ijj  jjjjuJI  ^jLaj  Ьа£  Lal 


4-4- 1  concentration  liv  ma§s  percentage  jjSji)! 

It  is  the  number  of  grams  of  the  solute,  which  are  dissolved  in  100  grams  of  the  solution. 

.JjWaII  j-a  ^l jP  100  V <jjJl  ljIIaJI  CjIaI ji  JJC'  jA 


The  percentage  of  mass  ratio  of  the  solute  and  the  solvent  is  calculated  as  follows: 

^^Jj  La£  ljjIaII  j  ljIIaII  AjJjill  AjjIaII  AauijII  l- 
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Percentage  concentration  of 

Mass  o/  solut  (mi ) 


solute  = 


Mass  o/  solution  ( тт ) 


xlOO% 


100%  x  (jIIaU  Д^ШД^иЛ 

AJjS 


Mass  of  solution  (шт)  =  nn+ni2 

C,  л  .  frf  rn  solute  (ttii)  1Л„„ 

Solute%  = - x  100% 

mj 

Percentage  concentration  of  solvent  =  Mass  °{  soh,ent  {1П2\  x  100% 


mass  of  solvtion  (mj) 


%100  X 


(и12)ур-11 

(mr) 


—  iU-ult 


S0|vent%  =  (mbnvscf  sclvM  x  ш% 

{mj^mass  of  solution 

Whereby — >  (mi)  refers  to  solute  mass 
— ^  (тг)  refers  to  solvent  mass 
— >  (тт)  refers  to  the  solution  mass 
(Total  massed  of  both  solute  and  solvent) 

ПИ  =1111  +  1112 

Generally  the  mass  percentage  of  any  component  can  be  expressed  in  the 
following  mather  metical  relation. 


Mass  for  any  component  of  the  solution  =  mass  °J_  com-ponent  x  юо% 

mass  of  solution 


гШ 

Жй,° 

3bQooQ  ; 


(А) 


u 


О 


о 


о 


(Б) 


Figurv  4-8 

\ » Conccntmled  solulion 
В)  Dilute  soluiion 


:  jl 

(mi) 

с-иЛд]!  (m2) 

(uuUl  j  lj|1aII  aXs  Jjt-v  A\\  aXS  (mr) 

j  jIaJI  JjSjJil  jjhmU  Л-xuabjJl  A,K-Luail  l_u£j  jl  jLuu 


%100  X 


=  JjbuJl  CuUjLd  (jj  (jV  AjHSJI  A^uull 
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Example  4-1  what  is  the  mass  ratio  of  the  solute  and  the  solvent  of  a  solution  made  of 
15.3g  of  salt  dissolved  in  155g  of  water. 

.  f-LaJl  1 55  <-j|ie  ^lxJaJI  ^le  |>Cl5.3  Cy>  Jj'-4  i—uIaJIj  ulXall  AjUSJI  <UuiJJI  L>  1-4 


Solution: 

Mass  of  solute  (salt)  =  15.3g  =  mi 
Mass  of  solvent  (water)  =  155g  =  1112 
Mass  of  solution  =  nn  =  mi+  1112 

=  15.3+155 
nn  =170.3g 

Mass  percentage  of  the  solute  =  —  x  100%  k-jliaU  5лШ|  Д_ь-йЛ 

15 3jLx  100% 


170.3 


9 


Solute  %  =  8.98% 

Mass  percentage  of  the  solvent 

Solvent  %  =  91.02% 


—  x  100% 

TTlj 

15^-x  100% 


170.3 


9 


Exercise  4-1 

A  Solution  is  formed  by  dissolving  48.2  g  sugar  in  498  g  of  water  what  is  the  mass  ratio  of 
sugar  and  water  in  the  solution? 

Solution: 


Mass  of  solute  (Sugar)  =  48.2g  =  nn 
Mass  of  solvent  (water)  =  498g  =  1112 
Mass  of  solution  =  nn  =  nn  +  1112 

=  48.2+498 
im  =  546.2  g 

Mass  percentage  of  the  solute  =  —  x  100% 

Vfij 

48  2-f  x  100% 


546.2^ 


Solute%  =  8.82% 


Mass  percentage  of  the  solvent  =  —  x  100% 

rrij 

49?f  x  100% 


546.2 


9 


Solvent%  =91.18% 
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Exercise  4-2 

20g  of  hydrochloric  acid  is  diluted  by  80g  of  water.  What  is  the  mass  ratio  of  the  acid  and 
water  in  the  solution? 

сЙНС1  L>*  ^20  1  Jjfr  flAilj  tiLjjIi jjJj^JI  (jLaIa  (jA  J£l  A j!jS1\  AjjIaII  AauiHI  uiua!  2-4c1hj-L 

.fUII^  jrf-80 


Solution: 


Mess  of  solute  (acid)  =  20  g  =  mi 
Mass  of  solvent  (water)  =  80  g  =  im 
Mass  of  solution  =  птг  =  nn  +  1112 

=  420+80 
nn  =  lOOg 

Mass  percentage  of  the  solute  =  —  x  100% 

7Tlj 

=  x  100% 

100/, 


Solute%  =20% 


Mass  percentage  of  the  solvent  =  —  x  100% 

TTl  т 

=  -^-  x  100% 

юоа 

Solvent%  =80% 


Example  4-2 

A  sample  of  vinegar  contains  4%  of  acetic  acid  by  mass.  How  many  grams  of  vinegar  is 
required  to  obtain  20  g  of  acitic  acid. 

jZl 1  т-'"1'4''1  JaJl  Aja£  U  .JLU I)  (jLaU  (j л  4°/o  UjIjU  <UuJ  (jjU j  JiJl  qa  j  jaj  2-4oiJ^ 

V  JlilkJl  (jlxaU  20g  J1^’4  * 

Solution: 


mi  =20g  (acid) 

m  r  — Illvinegar 


Mass  percentage  of  the  solute  =  —  5”fate  x  100% 

тп  solution 
20n 


4  %  =  — -  x  100% 

mT 

2000  гпл  p  • 

mr  = -  — ►  mr  =  500  g  of  vinegar  is  necessary 
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4-2-2  Concentration  in  volume  percentage: 

It  is  ratio  of  volume  of  each  component  of  the  solution  compared  to  the  total  volume  of 
the  solution  multiplied  by  100. 


^  AjjIaJI  4-ujuib  jj£j1S|  2-4-4 
,4ja  LjjJxd  JjKaII  {jJ&il  ^l  JjSaaII  ljU jIa  (j-4  (JJ^a  j£  ^  4j<uu  j 


Percentage  of  volume  for  solute  =  v”fume  s”iute  (^i)  x  jQ0% 

volume  of  solution  (VT) 

Solute  %  =  Vsolute(Vi>  юо% 

V solution  (Ут) 

whereby  volume  of  solute  Vi  volume  of  solvent  is  V2,  volume  of  solution  is  Vt,  total 
volumes  of  solute  and  solvent  (Vi  +  V2  ). 

Generally,  the  mathematical  formula  can  be  written  to  express  Concentration  in  terms  of 
percentage  of  volume. 

Percentage  of  volume  for  component  =  volume  °/comPonent  x  100% 


volume  of  solution 


%100  X 


(Vt) 


=  ljI*1a1S  4.  ia^lx.11  AauuS) 


jLuUJ  (V1+V2)  +-u1a1|j  cjIIaS)  JIajj  (Vt)  JjbuJl  (V2)  (Vl)  jajj 

•  ц  jjjjJ)  jjjjlUS  AxualjjSl  ljj^j  j£aj 

%100  x  ^  =  JjIxaJI  cjU jIa  (JA  (j jIa  (jH  AjavvS)  4juUS| 


volume  of  solute  (V i) 
volume  of  solution  (VT) 


X  100% 


Percentage  of  volume  for  solovnt  = 
solovnt  %  =  100% 

Vsolution  (Vj) 

Units  of  volume  which  are  commonly  used  liter  (L)  or  milliliter  (mL)  or  cubic  centimeter 

(cm3) 


Conversions  between  these  units  are  as  follows: 

1L  =  1000  mL 
1L  =  1000  cm3 
1  niL  =  1  cm3 
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CjV^bL4 j  cm^  jjjauIuJI  jl  mL  jibMt  jl  L  j^l  SjI^  д  ^  „ a\\  ^y-yll  cjI^ j  jl  j£jj  jl  Ua  ^jV 

(jjj  Jjj&j  Uj jl  I Jlj  .  ЮОО  -J  (т| j%Ul  <jAj  S jjiuJI  Sj^jJI  Jl  jjUI  ,jA  j  jjASI  ^jJI  Sj&j  Jjjsj  Jc 

1000  («"Д'  >UI  Jl  jjJjUI  ^j  Sjji—a  Sjaj 

1L  =  1000  mL 
1L  =  1000  cm3 
1  mL  =  1  cm3 


Example  4-3 

Calculate  the  percentage  of  volume  for  both  acetic  acid  and  water  in  a  solution  formed  by 
mixing  20mL  of  acetic  acid  and  30mL  of  water. 

30mL  J  liLIaJ)  (jajIa  <ja  20mL  ^aii  ±£-  jj£j  Jj'-4  «  ^  ^LaJlj  LLl^J)  (jLalai  jj  J£i  AjaaAi)  Ajjjjil  l-i<jaI 

.fLaJl  <ja 

Solution: 


volume  of  the  solute  Vi  =  20mL  (acid) 
volume  of  the  solvent  V2  =  30mL  (water) 
volume  of  solution  Vt  =  Vi  +  V2  =  20ml  +  30ml 
Vt  =  50ml 

ул 

percentage  of  volume  for  solute  =  —  x  100% 


=  ^  x  100% 

50mJ 


Solute  %  =  40% 


v2 


percentage  of  volume  for  solvent  =  —  x  100% 

Vj 


30inf 


x  100% 


Solute  %  =  60% 


%100 


( V  ^  )^, 


LJJAaII 
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Example4-4 

What  is  the  volume  of  ethyl  alcohol  expressed  in  ml  that  is  required  to  be  added  into 
water  so  that  the  total  volume  of  the  solution  would  be  50  ml  and  its  percentage  of  volume 
would  be  80% 

4-4  JIjj» 

4"n< ii  1  (jjSjl  mL  50  Jjla-all  ^us\\\  $.Lall  AJiaLia!  ^  jVI  (mL)  jlbUIL  JjjjVI  JjaS  JjWalt  La 

%80  V»ajaJl 


Solution: 


Vi 


percentage  of  volume  of  component  =  —  x  100% 

Vj 


Vi  = 


80x50 

100 


80%  =  ^х100% 

50 

=  40  mL  of  ethyl  alcohol  is  required 


Exercise  4-3 

It  80mL  of  pure  water  is  added  to  20  mL  of  sulfuric  acid  what  will  be  percentage  of 
volume  for  both  sulfuric  acid  and  water? 


Solution: 


volume  Of  the  solute  =  20  mL  =  Vi 
volume  Of  the  solvent  =  80  mL  =  V2 
volume  Of  solution  Vt  =  Vi  +  V2 

=  20  mL  +  80  mL 
Vt  =  lOOmL 


Solute  %  =  -^-  x  100% 

100m, 

Solute  %  =  20% 

Solute  %  =  x  100% 

100m, 

Solute  %  =  80% 
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4-3-3  Expressing  concentration  l*r  mass  /  voliime^^J'  /  JjSjJil 

Sometimes,  concentration  is  expressed  by  mass  unit  of  the  solute  (gram)  in  a  given 
volume  of  the  solution  (liter) 

the  unit  for  this  kind  concentration  is  (gram/liter)  (g/L) 


Concentration  (g/L)  = 


mass  of  the  solute  (rri) 
volume  of  the  solution  ( V ) 


S j  (j j  (juUL)  JjW  a\\  (Jjjla  ^  (CjLaljiiL)  ljI*1a]|  4Jj£  S jj  jj£jj]|  jC-  jU^VI  (jbau  ^2  j-uxj 

(>j  /  ^ijfr)  ^  jjsijjJi 

>1Ь  (т)и'л*А\  Я£5 


%100  X 


jH иь 


=  (j^  /  (‘'jC')  j^'j^' 


It  is  worth  noting  this  expression  of  concentration  itself  is  the  definition  of  density  which 
is  the  unit  for  volume  mass.  If  density  is  symbolized  by  the  Latin  character  (p),  mass  (m) 
and  volume  (V),  therefore,  density  is  expressed  by  the  following  relation. 

4ilii&U  U >j  I  jli  ^ .ja^Jl  j  >ь  JJl j  5ilJi!l  lJljjxj  4uM*j  jA  jjS jJll  jc  jjjjlJI  I JA  ji  Ua  j£i!b  jjJaJl  >4 

.AibbJU  <_i jxj  4iUHl  4_Jt  j  (V)  ^ojsJjj  (m)  4jj£l!j  (p(  jjj  JjJbUl  uijUU 


P= 


mjj) 

V(L) 


Density  (g/L)  = 


mass  (g) 
Volume  (V) 


p  (g/L)  = 


mjg) 

V(L) 


Other  units  can  be  used  for  volume  like  (mL)  or  (cm3) 

(3^ui)  j|  (<j«)  (Jle  jj^i  3-Li. J  ji  ^lJlluil  jSju 
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Example  4-5 

5  grams  of  copper  sulfate  are  dissolved  in  0.5  L  of  distilled  water.  Calculate  the 
concentration  of  solute  in  the  solution  with  g/L  unit. 

g/L  JjWaS)  i_i|1a]|  JjS jj  1_илл|  jL^aII  fL»Jl  (jA  0.  5L  aJUil  (JjUuSI  CjUjjj£  ja  5  g  <-yj) 


Solution: 


concentration  ( g/ml )  = 


Wl(g) 

V(ml) 


5fl 

0.5  ml 


=  10  g/ml 


Example  4-6 

calculate  the  mass  percentage  of  methyl  alcohol  in  a  solution  containing  27.5  g  of  methyl 
alcohol  and  175  mL  of  water  and  assume  that  density  of  water  is  1.00  g/  mL 


Яай*  (jjajfll  .fUll  175  rnL  j  JjIaSI  Jjai  <^9  27.5  g  (^jSUj  JjJaul  JjjaSI  JjaSS  <иШ1  UuuSl  iumaI 

l.oo  g/  mL  fUSI 


Solution: 

P  (g/L)  = 


»t(g) 

v(i) 


Ha/L)=  -  m(g)  =  1  g/ml  X  175  mL  =  175  g 

Mass  of  methyl  alcohol  mi  =  27.5  g 
Mass  of  water  im  =  175  g 
Mass  of  solution  тт  =  mi  +  1112 
=  27.5  +  175 
im  =  202.5  g 

Mass  percentage  of  methyl  alcohol  =  ~x  100% 
methyl  alcohol  %  =  27/9  x  100% 

J  202.5  g 

=  13.6% 

Exercise  4-4 

what  should  be  mass  of  sodium  hydroxide  dissolved  in  1  L  of  pure  water  in  order  to 
obtain  a  solution  with  0.5  g/L  concentration? 

jlJiAj  JjUaS)  Цоа  JjS jj  JSe*  Jj^aIJ  jUa  jUS)  jj»  jjS  Ц!и|  j|  ^jbUI  ^jjJjauJ)  Jjwi^jjJjA  4JjS  U 

0.5g/L 


Solution: 

concentration  ( g/L )  = 


m  (5) 


-5(g/L)  =  ^  - 
m  =  0.5  (g) 


V(L) 

m  (g)  =  0.5  (g) 
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Exercise  4-5 

KCl  is  5.80%  by  mass  in  solution  calculate  mass  of  KCL  in  0.337L  of  the  solution. 

(Suppose  that  density  of  the  solution  is  1.05  g/L) 

oij^l .  JjL^ll  yi  0.337L  Sjj^jaII  %5.80  Я*Ш  KCL  V-i  Jjb-.  KCL  u^l 

1.05  (g/mL)  ^jluu  Jjla^l 


Solution 

Density  of  solution  = 
1.05  (g/ml)  = 


mass  of  solution 
Volume  of  solution 

Wsolution 


О.ЗЗЪГх  1000 


ml 

'yf 


m  soiution  =  1.05  x  337  =  353.85  g  Jjb^ll  <UjS 


Q+aZ  dJjjj  g/ml  (lubcl  AiljSil  JjV  ml  S^J  ^l  ‘'JjjajI  1000 1  0.33  ^all  t-ijua  ^j  UA  ;  lUa^bU 

.j^ajajj  4^jLila  ^  "  jjlla. j 

nisoiution  =  353.85  g  =  mX 
KCL%  =  —  x  100% 

mT 

-  cM\rrf  ml  innft/  .  5.80x353.85  -л  __ 

5.80%  = _ x  100%  — >•  ml  = - — - »  mxcL  =  20.52  g 


353.85 


100 
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CHAPTER  (4)  QUESTION 

4.1  Write  a  definition  of  the  following  terms.  cjUIkua^l  l-Ljkj  ljjSI 

1-  Solution:  it  is  a  homogenous  mixture  composed  of  two  or  more  pure  substance  having 
no  chemical  reaction  between  them. 

2-  Saturated  solution:  is  the  solution  which  contains  a  greater  amount  of  the  solute  and 
the  solvent  can  dissolve  no  more  of  solute  at  the  given  temperature  and  pressure. 

3-  Electrolytic  solution:  the  solute  ionize  in  the  solution. 

4-  Concentrated  solution:  solutions  with  large  amount  of  solute. 

5-  Concentration  bv  mass  percentage:  it’s  the  number  of  grams  of  the  solute  which  are 
dissolved  in  100  grams  of  the  solution. 

6-  Concentration  in  volume  percentage:  it’s  ratio  of  volume  of  each  component  of  the 
solution  compared  to  the  total  volume  of  the  solution  multiplied  by  100. 

7-  Solubilitv  the  maximum  amount  of  a  solute  which  can  be  dissolved  in  a  given  amount 
of  a  specific  solvent  to  result  in  a  saturated  solution  at  given  temperature. 

8-  Dilute  solution  its  solution  with  relatively  small  of  solute. 


4.2  //1//  which  answer  is  true  example  for  solid  solution? 

a-  Juice  b-  Coin  c-  Salt  solution 

//  2  //  what  is  the  definition  of  weak  electrolyte  solution? 

a  -  If  solute  ionize  completely  in  solvent. 
b-  If  solute  not  completely  ionize  in  solvent. 

c-If  solute  fast  ionize  in  solvent. 


//  3  //  the  solubility  of  the  sugar  in  hot  water  is  faster  than  cold  water.  What  is  the  main 

reason  of  this? 

a  -  The  energy  of  water  molecule  reduces  under  high  temperature. 
b  -  The  energy  of  water  molecule  increases  under  high  temperature. 

c  -  The  energy  of  sugar  molecule  increases  under  high  temperature. 
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//  4  //  How  can  we  convert  eoncentrated  solution  to  dilute  solution? 

a  -  by  the  help  of  increasing  concentrated  of  solute. 
b  -  Heating  solution. 

c-  Ву  the  help  of  adding  much  more  solvent  to  solution. 


4.3  Compare  the  following  terms: 
a-  Dilute  and  concentrated  solution. 
b-  Weak  electrolyte  and  strongly  electrolytic. 
c-  Super  saturated  and  unsaturated  solution. 


Dilute  solution 

Concentrated  solution 

Solution  with  relatively  small  amount  of 
solute 

Solution  large  amount  of  solute 

Weak  electrolytic 

Strongly  electrolytic 

The  molecules  are  partially  ionized  in  the 
solution. 

The  molecules  are  completely  ionized  in 
the  solution. 

Super  saturated  solution 

Unsaturated  solution 

When  the  amount  of  the  solute  is  greater 
in  any  solution  that  the  solvent  is  able  to 
dissolve  it. 

Is  the  solution,  which  contain  less  amount 
of  the  solute  that  is  required  for 
saturation? 

4.4  There  is  19  g  dissolved  matter  in  158  g  solvent  find  mass  percentage  of  the  matter? 

Solution: 

ni  r  =  nn  +  ni2  =  19  +  158  =  177  g 
Matter  %  =  —  x  100% 

TTlj 

=  ^lSL  x  юо%  =  10.73% 

177 ( g ) 
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4.5  5g  of  copper  sulfate  is  dissolved  in  20g  of  pure  water;  calculate  mass  percentage  of 

solute  and  solvent? 

Solution: 


nil  =1111  +  1112 
=  5  +  20  =  25  g 

Copper  sulfate  (solute)  %  =  ^  x  100% 


s(g) 

25  (5) 


x  100%  =20% 


Water  (solvent)  %  =  —  x  100% 

Шт 


20  (fl) 
25  (5) 


x  100%  =80% 


4.6  How  many  liters  of  water  is  needed  to  add  10  g  of  Potassium  hydroxide  to  obtain  a 

solution  with  2.05  g/L  concentration? 

?  (2.05  g/L)  JSjjj  ^jjjjIjjjI!  Jj*j£jjJjA  <jj»  g!0  (ji!  AjSiUia!  ^JbU)  jbLUI  f  LUI  L» 

Solution: 


Concentration  (g/L)  = 


V(L) 


2.5  (g^)  =  =  4.87  L 

4.7  If  25  ml  HCL  and  75  mi  water  are  mixed  what  will  be  percentage  of  acid  and  water 

by  volume  in  the  solution? 

Solution: 

VT  =  V1  +  V2 

=  25  +  75  =  100  ml 
HCL%  =  —  x  100% 

Vj 


25  ml 
100  ml 

Vi 


X  100%  =25% 


Water  %  =  ^  x  100% 

Vj 


75  ml 
100  ml 


x  100%  =75% 
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4.8  Calculate  the  mass  percentage  of  Nacl  in  the  solution  if  15.3  g  Nacl  and  155.09  g 

water  are  mixed. 

Solution: 


nil  =1111  +  1112 

=  15.3  +  155.09  =  170.39  (g) 

Nacl  %  —  x  100%  =  15,3  (g),  x  100%  =  8.98  % 


mj 


170.39  c g ) 


4.9  A  solution  is  prepared  bv  dissolving  27.5  g  of  methyl  alcohol  in  175  ml  water . 

Calculate  the  concentration  of  the  solution  in  g/L. 

.  ft»  175mL  ‘+I+4  JjjaJ)  Jjai  &a  27.5g  Jjb-»J  jjUI  /  Sj^jj 

:  J^t 

.1000  Д-u-iIU  L  mL  »<^j  <>  <»+aJI  Jj^J 

Solution: 

Concentration  (g/L)  =—y^-  =  157.14  g/L. 


K(I) 


1000  mL/1 


4.10  A  sample  of  water  is  taken  from  the  Habbaniyah  Lake.  Assume  that  it  contain  8.5% 

carbon  dioxide  what  is  the  mass  of  carbon  dioxide  in  28. 6L  of  the  lake  water?  (Density  of 

the  lake  water  is  1.03  g/mL). 

±uj&\  La  ±uj&\  j-a  4jj£Jb  %8.5  AojL^JI  S jj^j  j-a  f  bJ)  j-a  4Jj£ 

.(g/mL  1.3  Jjb-Jt  AiljS)  Jt-Jl  Jjb-»JI  J  28.6  >  lx*j^I 


Solution: 


Density  = 


m  (g)solution 


1.03  g/mL  = 


V  solution 

m  solution 


1000  >  J*  J!  jjIII  >  JjaJ 


28.6Ixl000mL/I 

m  solution  =1.03x28.6x1000  =  29458  (g)  Jjb-JI  Д1£ 

CO2  %  =  m,c°2  x  100% 

m  solution 

~  m  CO7  29458x8.5 

8.5%  =  _  x  100%  — >  m  C02  =  — 777 —  =  2503.93  g 


29458 


100 
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4.11  Mass  percentage  of  sugar  is  11.5%  in  iuice  also  iuice  contain  85.2  g  sugar  what  is 

the  volume  of  iuice  (Soiution  =  1  g/mL) 

Solution: 

Sugar  %  =  —  х100% 

&  тт 

11.5%=  85  2g  x  100% 

mT(solution') 

85.2  xlOO  _  0_ 

гат  =  — — —  =  740.87  g 


11.5 


Density  = 


mass  of  solution 
volume  of  solution 


lg/mL  =  74087g 

V  solution 


Vsoiution—  740.87  mL 


4.12  What  are  the  factors  that  effect  on  solubility 

JaIj  JS  £j*il  t  ^uibjill  Jjjj  ^jjll  (Jj»Ij*J|  ^AL» 

1-  Nature  of  the  solute  and  the  solvent. 

For  solute,  solubility  increasing  when  shaking  and  stirring,  and  if  the  if  the  solute  is 
powdered. 

For  the  solvent,  the  polar  solubility  dissolves  in  the  polar  solvent. 

2-  Temperature:  solubility  increases  in  the  solvent  by  increasing  the  temperature. 

3-  Pressure:  solubility  increases  as  the  Pressure  of  gas  on  the  surface  of  the  solution 
increases. 

4.13  Calculate  the  mass  percentage  concentration  of  the  following  solutions: 

a- 10.2  g  Nacl  155  g  of  water. 
b-  48.2  g  sucrose  in  498  g  of  water. 
c-  0.245  g  acetic  acid  in  4.91  g  of  water. 

Solution: 

a-  nn  =  mi  +  ni2  =  10.2  +  155  =  165.2  g. 

Nacl  %  =  —  x  100%  =  x  100%  =  6.17% 


mT 


165.2 
155 


Water  %  =  —  x  100%  =  r 

mT  165.2  g 


f-  x  100%  =  93.83% 


b-  ni  i  =  m  i  +  ni2  =  48.2  +  498  =  546.2  g. 

Sucrose  %  =  —  x  100%  =  x  100%  =  8.82% 


mT 


Water  %  =  ^  x  100%  =  r 

mT  546. 2^ 

c-  mi  =  mi  +  ni2  =  0.245  +  4.91  =  5.155  g. 

Acetic  acid  %  =  —  x  100%  =  x  100%  =  4.75%. 

mT  5.155^ 

Water  %  =  —  x  100%  =  -^f  x  100%  =  95.25%. 


546.2 

498 


100%  =91.18%. 


mT 


5.155 


'g 
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4.14  Find  mass  percentage  of  sugar,  which  contain  309  g  water,  and  45  g  sugar? 

Solution: 

Mi  =  nn  sugar  +  Ш2  sugar 

=  45  +  309  =  354  g 

Sugar  %  =  —  x  100%  =  x  100%  =  12.71% 

6  тт  354  (g) 


4.15  The  mass  percentage  of  NaCl  on  Ocean  water  is  3.5  %  HOw  many  grams  of  NaCl 

can  be  obtained  from  474  grams  of  Ocean  water? 

Solution: 


Nacl  %  =  — (Nacl)  ■  x  100% 


гпт  ( solution ) 


3.5%  = 


mi 
474  g 


x  100% 


3.5  x  474  n  _n 

nn  =  — — —  =  9.59  g 
100 


4.16  Find  the  volume  of  alcohol  in  milliliters  present  in  the  following  solution 

1-  480  ml  of  solution  containing  3.7  %  volumetric  percentage  of  the  alcohol. 
Solution: 

Solute  %  =  Vsolute  x  100  % 

V  solution 


ЪНС/  _ Vglcohol  хЮ0% 

°  ~  480  ml 


T7  3.7X480  _ 

Valcohol  —  — 7“ - —  17.76  ml 

100 


2- 103  ml  of  solution  containing  10.2%  volumetric  percentage  of  the  alcohol. 


10  2  %>  _  ^ alcohol  ХЮ0% 

103  ml 


v r  10.2x103  ml  . 

Vaicohoi  = - — - =  10.506  ml 

100 


3-  0.3  ml  of  solution  containing  14.3  %  volumetric  percentage  of  the  alcohol. 

14  3  _  V alcohol  Xl00%  _  тт  14.3  X  0.3  ml 


0.3  ml 


V  alcohol  — 


100 


=  0.0429  ml 
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4.1  7  How  many  grams  of  KCL  is  present  in  each  of  the  following  solution  ? 

a- 19.7  g  solution  consist  of  1.08  %  solute  bv  mass. 

b-  23.2  kg  solution  consist  of  18.7  %  solute  by  mass. 

c-  38  mg  solution  consist  of  12  %  solute  bv  mass. 

Solution: 


a-  Solute  %  =  —  x  Ю0% 

mj 

b-  Solute  %  =  —  x  100% 

mj 


1.08%  =  —  x  100% 

19.7 


c- 12%  = 


g 


m xlOO  % 

38  mcj 
1000  mg/g 


12%  = 


18.7%  = 


m  х100% 


mi 


23.2  xlOOO 


0.038 


ШКСЬ  = 


nn  =  0.21  g 
x  100%  ->  mi  =  338.4  g 

mKCL  =  0.00456 


12  X0.038 


100 


4.1  8  1111  in  the  blanks: 


Substance 

Mass  of  solute 

Mass  of  solvent 

Mass  of  solution 

Percentage  of  component 

A 

15.5  g 

238.1  g 

B 

22.8  g 

12% 

C 

193.3  g 

212.1  g 

D 

3152  g 

15.3% 

Solution: 

A-  mx  =  15.5  +  238.1  =  253.6  g. 

Solute%  =  —  x  100%  =  x  100%  =  6.11%. 


mj 


253.3 


В-  Solute  %  =  —  x  Ю0%  -»•  12  %  =  —  x  100% 


rtlj 

22.8x100  1ПЛ  ,  ,  „з,-* 

mr  =  — — —  =  190  g 


mj 


\h  =  190  -  22.8  =  167.2  ^  =  Mass  of  solvent  =  1112 

C-  1111  =  Illl  +  1112 

212.1=  mi  +  183.3  nn  =  28.8  g 

x  100%  =  13.57%. 


Solute%  =  —  x  100%  = 

mj  212.1 

D-  Solute%  =  —  x  100%  -» 

mj 

31.52x100 

шт=  — - 206g 

1111=  1111  +  1112  — 


15.3%  =  —  X  100% 

mj 
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Substance 

Mass  of 

solute 

Mass  of 

solvent 

Mass  of 

solution 

Percentage  of 
component 

A 

15.5  g 

238.1  g 

253.6  g 

6.11% 

B 

22.8  g 

167.2  g 

190  g 

12  % 

C 

28.8  g 

183.3  g 

212.1  g 

13.57  % 

D 

174.48  g 

3152  g 

206.0  g 

15.3  % 

4.1  9  Fill  in  the  blanks: 


A// 

V  solution  =  V  state  +  V  solvent 

=  2.55  +  25 
=  27.55  ml 

%  Solute  =  Fsolute  x  100% 

• '  solution 

2.55  ml 
~  27.55  ml 

=  9.255% 


x  100% 
~  9.26% 


B// 

%  Solute 

=  458  x  100% 

V  solution 

3.8% 

4 

=  x  100% 

V  solution 

V  solution 

=  ^xlOO% 

3.8 

=  120.5  ml 

V  solvent 

=  V solution  -  V solute 

=  120.5-4.58 

=  115.94  ml 
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Substance 

Mass  of 

solute 

Mass  of 

solvent 

Mass  of 

solution 

Percentage  of 
component 

A 

2.55  ml 

25.0  ml 

B 

4.58  ml 

3.8  % 

C 

1.38  ml 

27.2  ml 

D 

23.7  ml 

5.8  % 
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c  // 

V  solute  = 

%  Solute  = 


Р/У 

5.8% 

V  solution 

V  solute 


27.2  -  1.38 
25.82  ml 

1.38  ml 


27.2  ml 

5.073  % 

23.7 
^solutton 


X  100% 


X  100% 


^х100% 

5.8 


408.62  ml 
408.62  -23.7 
:  384.92  ml 
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At  the  end  of  this  chapter,  the  studying  is  able  to: 

1- Identify  the  location  of  group  IVA  in  the  periodic  tahle  and  the  names 
and  symbol  of  its  elements. 

2- Know  the  general  characteristics  of  group  IVA  elements. 

3  -  Write  the  electron  configuration  for  the  silicon  atom. 

4- know  the  occurrence  of  silicon  n  nature  and  its  importance. 

5-  Understand  the  process  of  preparation  industrially  and  in  laboratories. 

6- Recognize  the  physical  and  chemical  properties  of  silicon. 

7-  Recognize  the  natural  and  industrial  compounds. 


:£)\  Jb  I t  Д-uut jJ  £ул  fl^uVt  Jx j 

.U J^ljfr  JJ4J  J  fUuutj  Jjjit  JjJaJt  J  Sj-»jit  ^Sja  (-flj*j  -1 

.Sja jit  A-»l*Jt  uliuait  (jd*j  Jt£-  JJaj  -2 

.  jj%LUt  Sjji  Jjjj^t  (-yjjjlt  AjUS_3 
.  AjjjAIj  Д»  uhtt  j  (jj%ljuiJt  Jj^j  Jb  (Jj*jj-4 

e4jjljju£J) j  *Luat ji  uijxjj-6 

.^JC-UuUtj  4j*jjU1  oj%1uJ1  (JUSja  Jfr  (-Aj*jj-7 
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5-1  Group  IVA  elements: 

Group  IVA  consists  of  the  following  elements: 

1-  Carbon  (  C  )  2-  silicon  (  Si )  3-  Germanium  (  Ge  )  4-  Tin  (Sn)  5-lead  (Pb) 


5-2 


u 


ii 

VUIA 


н 

i 

UA 

1Э  1«  15  IB  tt 

UU  fVA  VA  VIA  VII A 

He 

u 

Be 

в 

c 

N 

o 

ғ 

"n« 

11 

Na 

Mg 

)  «  $  t  т 

ШВ  ISB  V»  VIB  VHB 

■  •  !♦ 
m -  V  III П  - м 

11  U 

IB  IIB 

Al 

Sl 
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's 
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10 

Аг 
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C4 

Sc 

Ti 

:'v 

Cr 

Mn 

м 

Fe 

Co 

Ni 

Си 

/n 

Ge 
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Br 

Kr 

Rb 
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Sr 

«t 
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м 

Zr 

41 
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Мо 
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Rh 
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Ag 

10 

Cd 

In 

4  1 

Sn 

Sb 

Te 

I 

Xe 

Q 

чл 

Вд 

u 

Hf 

Тш 

w 

Rc 

o» 

Ir 

^Pl 

Au 

00 

Hg 

Т1 

Я}  | 

Bi 

Во 

'  At 

m 

Rn 

•7 

Fr 

m 

Ra 

Ac 

104 

Rf 

>0» 

Db 

10» 

н 

b#7 

Bh 

1« 

Ня 

IM 

Mt 

Uan 

Cuu 

tub 

general  characteristic  of  group  IVA: 


Group  IVA  is  more  various  and  numerous  in  the  characteristics  of  its 
members  than  other  groups  in  the  periodic  table. 

I  4J jHa  U  j-uflUS'  Cjliuall  Ujju j  libtlit  j-ajlt  jj£)  IgJL  S j-ajlt  D JA  c  LaSj 

•  JJJ^'  Jj-M' 


1-  The  members  of  this  group  show  a  clear  tendency  to  transfer  from 
the  nonferrous  to  metal  characteristic  as  we  go  higher  to  lower  in  the 
group,  i.e.  as  the  atomic  number  increases.  Carbon  is  nonferrous, 
silicon  and  germanium  are  metalloid  and  tin  and  lead  are  pure 
metals.  Thus,  tin  and  lead  have  the  physical  characteristic  of  metals 
such  as  high  density,  and  thermal  and  electro  conductivity  together 
with  bright  color  and  high  malleable  and  ductile  prone.  The  melting 
and  boiling  point  of  group  IV  elements  also  decrease  as  we  go  from 
the  top  to  bottom. 
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(2>a  '  La1£  Ajjlftll  uiliuail  ^j)  AjjlSbUl  uiliu^jl  >  Ixjjalj  VlLUI  j^Jaj  lAjj^Uc  -X 

jjj%iuj|  J  fjjiUjaJl.  jlfl  V  jjJJ^I.  Ц-1  с5>Л  АА*Л  e-ibjj  (jl  Ц&-1  jaj  Sjj»jj|  ^VI 
Ajjbjja  uliua  Ц-La  Jsl  jjaluajilj  jJ«i«aAjl  .4jV*^  Uljla  <jjaluajj|j  jjA«aij|  .  Ul jla  aUJii 
jlxAljl j  uiauUlj  ^jjjajj  AuLla j  >Uj$£il j  j jIjaJI  Jj^jjj) j  АаЛяЛ  AiliUll  Jja  ul jlill 

.JL-i  ^l  Sj4jj|  Jb\  >  jliLVb  Sjjjil  j^U*j  jl^UVIj  jUiiil  4jJ  JSS  .  O^bUl 


2-  The  elements  of  this  group  are  also  known  to  have  four  valance 
electrons  in  their  outer  shells.  They  need  to  gain.  Lose  or  combine 
four  electron  to  reach  the  stable.  Electron  configuration.  Due  to  the 
difficulty  of  gaining  or  losing  four  electrons  via  making  covalent 
bonds  to  reach  the  tetra_  oxidation  case  (+4)  in  fact.  Silicon  and 
carbon  compounds  are  actually  covalent  compounds  of  tetra 
_oxidation. 

j!  {jl\  ^Uaj  Цй!  Cjjx  jlaJl  >  uU ijjj£j)  AxjjI  l^SbLUU  S  jajjl  S JA  >  -2 

4 jj* л al j  .jiluiA  jl jjjSJ!  uu jJI  ^i!  Jjua jll  cuUjjj£j|  AsujU  ^AL-U  j!  Jiij  j!  - 
ujU jjjSJI  AjujU  A£jlubUl  ^!  Jjaj  Sjj» jll  йЛА  iU&  jli  ujUjjj£J!  AjujI  ujLuj£I j  jljii 

jli  AijixJl  .  (+4)  juajxll  AjfrUj  Aui£U  AJlx  wU*I  Aj^aLuU  jua! jl  <jjj£j  <jjjla  jfr 
.  AufrUj  Aui£U  AJU  ujI j  AuaALuU  ujU£ja  jA  jjjjlSJ! j  jjLJuuJI  uiU£ja 

3-  Germanium  tin  and  lead  on  the  other  hand,  comhine  to  make  ionic 
and  covalent  compounds  in  the  ionic  compounds,  only  two  electrons 
are  lost  to  make  Ge,  Sn  and  Pd.  The  elements  of  this  group  weather 
metalloid  or  nonmetals,  have  low  level  of  activity  they  react  with  the 
nonmetals  such  as  oxygen  but  they  need  heat  to  do  so. 

uiLUjjJ)  >.  Lla  Ajj jj)  j  AjaALuu  uiLUja  jj£j  <j^L^jJ|j  jjJuaLl) j  ^jjjLajaJl  -3 
ji  Ajjlijl  uiliuall  uj)j  Ц-La  f. I jui  S jajll  йЛА  Ufr  jl  .Jai^  jjjjjj£ll  jlJAS  ^jj  AjjjjV! 
^UaJ  '  д  j£jj  jja.  ■  д£ jVI  JiU  UiljiijU!  ^a  Jfrlijj  Ajjsuja  Ajjlxi  Aj jiibU!  uiILjII  ui)  j 

.Ц-aLUV  Sjljx  ^l 

Q  /  explain  the  reason 

1-  Elements  of  the  (IV)  group  tend  t  share  four  electrons? 

?UiU jjj£j|  ^jjU  AUjLulU!  jl\  Jjjj  AjuIjII  S Jjjjl  jualic.  -X 

A  /  because  there  are  four  electrons  in  the  outer  shell  and  the 

difficulty  of  gaining  or  losing  four  electrons. 

^jjl  jlJAfl  jl  uiLjUSI  Ajj*ual  >J  ^jliJl  иаЬШ!  >  UiUjjj£j|  £jj!  Jjxj  uiju  /  £ 

.AijLuuUl  ^j|  JuU  Llj jj  uiU jjj£j| 
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2-  The  elements  of  the  (IV)  group  tend  to  form  covalent  bonds  and  the 
state  of  oxidation  (+4)? 

?(+4)  4JU j  4+aA lu«j  jual jl  jjJ^  ^l  J+»j  AajI  jll  o jaj\\  j*^Ufr  -2 

A  /  because  they  tend  to  participate  with  the  four  valence  electrons  and 
make  (+4). 

.(+4)  UjUjjI  JjjjSjj  AxjjV'  j2Uj]|  CjUjjj£]U  A£jIuLaJI  ^l  Jjju  1$uV  /  £ 


5-3  silicon: 

Chemical  symbol:  Si 
Atomic  number:  14 
Mass  number:  28 


Shell  symbol 

Shell  number 

Electron  number 

K 

1 

2 

L 

2 

8 

M 

3 

4 

The  Figure  5-2  show  the  electron  configuration  of  silicon.  It  shows 
that  silicon  has  four  electrons  in  its  outer  shell.  As  it  is  so  difficult  for 
an  element  to  gain  or  loss  four  electrons  to  form  compounds,  most  of 
which  are  covalent  silicon  compounds.  Its  valance  electrons  are  four. 

£Jj'  (J&  jjbu  <U i  jflaj  <^jfc  JjjIiLuJI  juajfcS  ^jjjSjV)  (2-5)  (J^' 

'б.*;  "■*%  jl  UjU ijjj£j)  AjujI  ilij  (jl  Lufcuail  jA  *UI  Lajj  .  ^+jl^Jl  AibU  uli ijjj£j| 

.^Lj  Ujil£j  ,jj£jj  A+sALuu  jj j£uLuD  luLUju  uUc-  jjj£j2  Цид  (iSjLuu  Lljij 
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5-3-1  Occurrence  in  nature; 

Silicon  is  the  most  abundant  element  in  the  earth  s  crust  after  oxygen.  It 
constitutes  more  than  quarter  of  the  earth  s  crust,  approximately  28%.  It 
occurs  mostly  in  combination  with  oxygen  in  soil  or  as  various  forms  of 
sand  and  clay  deposits.  It  does  not  occur  as  a  pure  free  element  in  nature.  It 
is  most  widely  distributed  in  rocks  as  silicon  dioxide  (Sio2).  It  is  in  the  form 
of  quartz  and  sand.  Silicon  has  two  main  forms;  the  first  form  of  silicon  is 
crystallized  of  dark  brown  color.  The  second  form  is  non-crystallized  of 
dark  gray  color.  The  crystallized  form  is  less  active  than  non-crystallized 
one.  Both  forms  have  a  formula  similar  to  diamonds. 

Sj2&1  £JJ  Qa  jj£*I  (JULj  .  jj>*^jVI  Jxj  (jjajSfl  Sjjia  j  IjLijjl  jjSSfl  Jj^jxil  jj£li*jij1 

(Jij  Js-  ji  4jjjj|  j  jj+u»£j*tf  1  jjSjU  Ljlfr  t^JJX  28%  J*^  Aj*djjj 

>ljj  4JjA  Js  jjiu^j)  J  Jxjj  4J£j  4jujjaj|  J  1  jx  jjSJu Л  Jajj  V.  4_»1jj  j  4_шЬ  <I»Luijj 
(jjSjjjuJj .  (J^jjlj  Jjjlj^jl  Js-3  Js-J  CilijjuJl  <  flVAa  <-uSjJ  j  J^j  jj%j^«j1 

jj%  Lfjflj  SjjJjI»  jjfr  jjxSflj  Ji  JjuutUl  jjj  jj%  Ifij  SjjliL»  UAAxl  jJJjjua 
(jjij  U$j  jjjjjuaj)  IU£  .Sjjjjj a  jjxll  (jj  4_JLi  Jil  <LL»  Sjjjjlajl  .(jalc-  ^^uaUaj  (jja-utjjl  jjj 

.uuSjjjl 


A-  Preparation  in  laboratory  : 

Non-crystallized  silicon  can  be  produced  by  heating  potassium  element 
in  silicon  tetra  fluoride  (SiF4)  according  to  the  following  equation: 

SiF4  +  4K  ^  Si  +  4KF 

The  crystallized  silicon  can  be  obtained  by  melting  silicon  in  aluminum 
then  cooling  the  solution.  Finally,  silicon  crystal  can  be  separated  from 
the  solution. 

liaj  jjSjjauJl  Jjjjjfl  (jSli j  >  j+  j  ^jjuuUjjJI  jaLuuj  jjJjI*  jjiJl  jj%jju»j1  juaa-j 
Jjjjj  pj  ^ ijjjjjVI  jfl  •■л'л  J  jj^jjjuJl  Aj| jb  jJaa-j  jjJjjjJI  jjULu jj|  Ul  .AljluJl  Ajjlxjjj 

. Jjlau»j|  jfr  jjSjjjuJl  UljjL  Jualjj  jjjx  Jjla-jjl 

B-Industrial  preparation: 

Silicon  can  be  prepared  industrially  by  reducing  silica  using  high 
temperature  and  carbon  or  magnesium  (figure  5-4)  as  a  reducing 
element,  as  in  following  equation 

Si02  +  2C  Д  Si  +  2COT 
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5-3-3  Properties  of  silicon: 

A-  Physical  properties 

Silicon  is  a  metalloid.  It  is  a  very  rigid  element,  with  a  high  melting  point 
of  approximately  (1410°C) 

It  has  a  gray  color  and  a  metallic  luster.  It  is  also  a  semi-conductor.  Due 
to  this  property,  it  is  used  in  manufacturing  of  electrical  devices  and 
applications  and  also  in  computer  industry.  In  addition,  it  is  used  in 
manufacturing  solar  cells.  Which  convert  the  solar  energy  into 
electricity 


o^'j^ 

jaJl  -I 

(1410°C)  цЦ-лЗ)  4l  .  '•*+  ju ajfr  jAj  .  (IjIJIaJI  sUul  jj^j'j^ll 

A£.t_iua  ,-jh  4-u^IaII  й2&  qa  Jliluuj  jLuII  ja  4uui  jA  j.  ^jjjj  aj^Jxal 

('jjll  4_lloaulII  Ь51а11  Л£.1_Ьа  ^  j  4jj jjHSJVI  ubuibJl j  4_ubj^Sll  jj| jdSlj  Sj^-VI 

.4_ubj^£  ^ll  <buiAuJl  4JllaII  JjaJi 


B-  Chemical  properties: 

Silicon  does  not  react  with  most  acids.  It  melts  in  aqueous  solution  of 
bases  according  to  the  following  reaction: 

Si  +  2NaOH  +  H20  -+  Na2Si03  +  2H2 

Silicon  is  very  reactive  with  chlorine  as  in  the  following  equation. 

Si  +  2Ch  -+  SiCl4 
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•  AjJjLoj£Jt  jii)  -LJ 

JplijJ)  JblAi  QA  jf') jil]  4jjLoJ)  JjJI^jJ)  LJ IjJjJ  M(jlxat J^J)  fl QXA  dUj  Jjili  (JJ^jIujJ)  jj£j 

Si  +  2NaOH  +  H20  ^Na2Si03  +  2H2 

^  US  jjKil  sbJ  1.1?.  jui  ^jSjLaJI  £j£jj 

Si  +  2СЬ  ^SICb 

Silicon  is  not  prone  to  react  at  room  temperature.  It  reacts  at  (950°C). 
Silicon  and  its  natural  compounds  (silica  and  silicate)  are  not  poisonous. 

(950°C)  ^  Jfr^  Aj't  VI  AjJUfrVI  SjtjaJt  uUjJI  Jfe  flj^iL  OjSjLuJI  j±L  V 

.4_4Luj  jjfr  ^1-И  <j0  .Л1  j  HLwJl)  AjauJait  4jL£j^ j  jjiulu Л j 

Q/  Give  the  reason: 

Silicon  is  used  in  manufacturing  of  electrical  devices? 

A  /  because  it’s  semi-conductor. 
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5-3-4  Uses  of  silicon: 

Silicon  has  a  wide  variety  of  uses.  It  used  in: 

1-  Electronics  industry,  electrical  appliances  and  in  manufacturing 
solar  cells. 

2-  Melt  bars  used  in  different  industries. 

3-  Glass,  cement  and  ceramics  industries. 

4-  Organic  Silicon  materials  which  are  very  important  commercially  in 
the  production  of  oils  and  plastics. 

(jjSLlL*  J\  JUxlu.1 

AjluiI j  ■-*'  „1  ..0 

Aj>uiAuJ|  Jj| Ijjll  t;^t  AjjjjjSJVl  4frl  *‘><tl  _  | 

A йШ  *  cjlfrl t-^ti  ijjjUuijt  ^  _2 

.dLwljjjuJlj  '-***■  “tl j  ^Ujj|  jJ  -3 

j-.b<j-,  ;>ljtlj  (jj ijjjj)  l^iaj  4_jjUaj|  AjujAVI  CjI j  4jjua*j|  <Lu j<jlj-  -tl  j|j^j|  4£>LLd  ^  -4 

5-3-5  silicon  compounds 

Silicon  forms  a  great  number  of  compounds  such  as: 


cjj<jjlj“|ll  CjLSjj» 

Ц1а  j£jj  ^jIjLuJI  IfjjSj  ^l  UbSjAjl  <>»  jjjS  JJfr  (i5UA 


a-  Silicon  compounds  with  hydrogen  silicon  hydrates  (silane) 

^j-5**) 


These  compounds  consist  of  silicone  and  hydrogen.  SiFLt  is  an 
example  of  such  compounds.  It’s  prepared  by  the  reaction  of 
magnesium  silicone  Mg2Si  with  the  acids  such  as  hydrochloric  as 
in  the  following  equation: 

Mg2Si  +  4HC1  SiH4  +  2MgCh 
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б4  j«“jj  SiH4  Ц^»  jjxjjjjfllj  OA'b^"  б4  jj££  UiUSjj  ^ j 

.dSjjjiSjjJjgil  J-v<  4_ц4«.д]|  (jajIjaJI  Mg2Si  ^ ijJ»uijLa]|  Ли mjL  "  Jfrlij 

Hydrates  are  so  active  compounds.  For  example  silicon  (IV)  hydride 
burns  spontaneously  in  atmosphere  and  forms  silicon  dioxide  and 
water  as  in  the  following  reaction. 
b-  Silicon  compounds  with  oxygen: 

1-  Silicon  dioxide  (silica)  SiOi: 

It  occurs  in  nature  as  pure  silica  such  as  quartz  and  flints. 

They  are  highly  solid  substances  and  are  used  in  cutting  glass  and 
scratching  steel,  the  other  form  of  silicon  dioxide  (silica)  (Si02)  is  the 
impure  silica  such  as  sand  and  clay  it  contain  different  quantities  of 
impurities  which  give  it  a  wide  range  of  different  colors. 

£jauji£jV'  J-a  jj£jiuJI  CjUSjj»  -<_j 

»Jblua]|  »JjAui  Jl jj»  j  jjjljiilj  jljjall  jaa  JiU  AjIj  1£j1u»  J£ju  AxjjJall  Jajj 

.(-liuall  JjJaJl  (jujiaj, j  ^IajII  ^  JjjlLuu 

AiHa-j  jljll  1  g  .* ;  "<"’  i_iil  juJl  qa  Ajjlila  uLj£  j  jjaj  ^jII  JjjII  Jjj»  AjIj  jjfr  1£j1u»j 

The  most  important  properties  of  silica  are: 

a-  It  is  not  reactive  when  reacts  with  chlorine,  bromine,  hydrogen  or 
most  of  acids. 

SiH4  +  202  ->  Si02  +  2H20 
b-  It  reacts  with  hydrofluoric  acid  and  bases. 
c-  It  reacts  with  oxides  or  metal  carbonates  by  high  heating.  The 
resultant  compounds  are  known  as  (silicates) 
d-  Silica  gel  is  mainly  used  as  a  drier  due  to  its  large  surface  and 
great  ability  to  absorb  water. 

;l£jiuij|  (j^ljii 

(jAeljaJl  <Ja*u»j  jj^jjJj^II  ji  f  jjjII  jl  jj&U  Lguuajxj  ^  Jfrlijj  Ч  ,4lt*i  jjfr  -I 

.Jfrljillj  (iLjjiajjjj^JI  jajIa  ^j»  Jfrtiij  -ui 

uijxj  ujU£jj»  jj£jj  Сил  JjJuJl  jjxjuuIU  .Ajjlill  (UUjjjl£ll  ji  JjuilSVl  £-»  Jfrlijj 

Uil£jiuilU 

AjIIxII  AjjLU j  Sjjj£II  AjxJxudl  Aj^LulaI  Lllj j  <  -»  Jj»Ll£  Ajujjj  S  jj*^j  Jaxjuu  -J 

.f-LUl  j^luauaV 
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Q/  explain  the  reason: 

Silica  jel  is  mainly  used  as  a  drier? 

A/  because  it’s  large  surface  and  great  ability  to  absorb  water. 

2-  Silicates: 

Silicates  occurs  so  widely  in  nature. 

.  AjLuIail  ^  AjluiIj  ojjjaj  <jt,  „tl  j . *"< 

Among  other  types  of  silicates.  Sodium  silicate  is  the  most  widely  used  it  is 
soluble  in  water  and  its  concentrated  aqueous  solution  is  called  "water 
glass"  or  (liquid  glass) 

jlj^l  (^jLaII  1  ^  I jt-ч  л  j  f  1_д]|  (jbjAll  ЯЬШ|  ^jjJ juall  <1jI£j1uiII  £) jji  jj£| 

(^Ujll  f  L»)  (^jujj 

It  is  commonly  used  in  various  industrial  fields  such  as  providing  passive 
fire  protection  for  textiles  and  papers.  It  is  also  used  as  a  cheap  adhesive. 
Cement  can  be  strengthened  by  mixing  it  with  sodium  silicate  in  order  to 
be  used  in  buildings. 

SjLa  AILajlLuiIj  .^jjIj^II  (jA  jjjjll j  4uula3VI  (jlaju  4jLaa  JIa  4  a  4jfrll иэ  uVi-a-J  ^aULulj 

.jjIVI  4jjSjI  ujIujII  £a  4 Ll-v j  ^ LLI|  4JLajlLuiIj  4-usjIj  4jL^V 

Q/  what  are  the  uses  of  water  glass? 

A/  1-  providing  passive  fire  protection  for  textiles  and  papers. 

2-  A  cheap  adhesive  cement  can  be  strengthened. 

3-  used  in  buildings. 


07704370050  ckk 


132 


I  cu Lf 


07706236700  / 

C-  Silicones 


(DDocBomQsOo^ 


&W*£J 1 

^  ф  Ф 


These  compounds  are  organic  compounds  of  silicon.  They  are  not 
poisonous  and  are  very  stable  along  a  very  wide  range  of  temperature 
variation  silicon  oils  are  the  most  important  of  these  compounds.  They 
make  the  surface  anti  adhesive  and  moisture  and  are  used  to  cover  the 
roofs  of  buildings.  (Silicone  rubber).  It  maintains  flexibility  at  a  wide 
range  of  temperature  variation.  It  is  used  in  manufacturing  of  molds 
and  as  a  sealing  substance  in  haths.  And  kitchens.  Silicone  resin  is  used 
in  electrical  insulation  and  in  making  construction  materials.  Water 
proof,  too 

SjljaJl  <IAajJ  qa  £uilj  jIa  Jc-  o jSiutej  АлЬл  jjfr  jj%iiuiL  Ajjuafr  CjU£jj» 

ji  Jj'  4jub»  Ajuib  Js-  i  йлиОА  ЦйЦ  ‘  й i ^iil  jjSLuJl  Cjjj j  Ig  дД>| 

£uil j  (J±a  ^  jjA  ^Ajjj  jj^lj-  -'l'  ialbj j  .CjbUJl j  4  л  -  jjVI  £ jla*  -  Jjj  Ajjbjil  oJl  uoa 

Cjbjj|j]|j  .  ^tiai  JIjjU  ^uUaUlj  CjLaUaJI  ^j  Ui]|ji]|  Jj»*juuj.  OjljaJl  UlajJ  ja 

.Luaji  fUil  oJl  )Л<  flijil  Jljj»  J*js.  j  LuLj$£  4jjlfi-  Jljj»  4£-liu£  ^Jaiuu  IjSjL  “H 
Q/  what  are  the  typed  of  silicones? 

A/  1-  Silicone  oils. 

2-  Silicone  rubber. 

3-  Silicone  resin. 


07704370050  ckk 


133 


I  Ls 


07706236700  /  JdL 


СйшмагОо^ 


&w*£J  i 

^  <50  <>0 


Jz^ ^Jlil  <£Jl_lM 


CHAPTER  Ғ1УЕ  QUESTIONS 

1- write  the  following  reactions. 

1)  Magnesium  silicide  and  hydrochloric  acid. 

A- 

Mg2Si  +  4HC1  -+  SiH4  +  2MgCh 

2)  Magnesium  and  silicon  dioxide. 

A- 

2Mg  +  Si02  -+  Si  +  2MgO 

3)  Silicon  dioxide  and  carbon> 

A- 

Si02+3C^Si  +  2C0 

2- wrute  electron  configuration  of  following  elements  and  ions: 
Si  and  Si+4 

A- 

i4Si  1S2  2S2  2P6  3S2  ЗР2 

i4Si+4 1S2  2s2  2P6  3S°  3P° 

3-  Where  are  silicon  and  its  compound  used? 


Write  six  of  them. 

'AZLAjAj 


(jjZLu  Л]  dlVboxluij  Сил  44£> 


1)  Electronics  industry,  electrical  appliances  and  in  manufacturing  solar 
cells. 

2)  Metal  bars. 

3)  Glass,  cement,  ceramics  industries. 

4)  Organic  silicon  materials. 

5)  Quartz  and  flints  are  used  in  cutting  glass  and  scratching  steel. 

•4l34k 
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6)  Water  glass  used  as  providing  passive  fire  protection  of  textiles  and 
papers. 


4)  How  can  silicon  be  prepared  in  laboratory,  explain  by  chemical 
reaction? 

A- 

Non-crystallized  silicon  can  be  produced  by  heating  potassium  element 
in  silicon  tetra  fluoride  (SiF-0 

SiF4  +  4K  -+  Si  +  4KF 

The  crystallized  silicon  can  be  obtained  by  melting  silicon  in  aluminum 
then  cooling  the  solution.  Finally  silicon  crystals  can  be  separated  from 
the  solution. 

Q5/  Complete  the  following: 

1-  There  are  two  types  of  silicon  dioxide  (silica)  in  nature,  first  on  pure 

as . ,  and . And  non-pure  such  as 

. ,  and . , 

(A)  Quartz  and  flints 

Sand  and  clay 

2-  It  can  be  prepare . From  extreme  heating  silica  with 

metal  carbonate  or  metal  oxide. 

(A)  Silicates 

3-  The  elements  of  the  fourth  group  has  common  oxidation 
•  ••••••••••••••••  • 

(A) 

AjuLui  4ju) j])  Sj^ajit  juaUxJ  j) 

4-  The  oxidative  state . is  more  stable  in  carbon  and  silicon. 

,  jj£1luJ) j  ^jjjjISJ)  . SjS1ul4  AjiuiSkil)  ДЛ^) 
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(A) 


Tetra 


oxidation  (+4). 


5-  The  silicon  react  when  it  heated  to  (950°C)  with  oxygen  or  aerated  air 
to  give . 

. cJaxJ  <gj^\  p  jt  jj>*^jVt  £a  (950  °C)  J\  ALajju  Jfrlijj 


(A)Silica  and  silicate. 


6-  The  most  the  characteristics  in  group  IVA . When 

we  move  from  the  top  of  the  group  to  the  bottom  in  this  group,  also 

the  elements  of  this  group . Decrease  as  we  move 

from  the  top  to  bottom. 

jisj  ifriimi  j\  s J&\  <>  1Ш\  uis . ^iiyait 

.  S J*jjl  Jiujj  J\  Js.  1  0 . (iiilsii J \JiA 

(A)  Transfer  from  the  nonferrous  metal  Melting  and  boiling  points. 

7- silicon  has  two  main  forms,  the  first  form  of  silicon  is . 

has . Color,  the  second  form . ,  and  has 

. color . 

(A) 

Crystallized  dark  brown 
Non-crvstallized  dark  grav 
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